Plants are equipped to sense pathogen/microbe-associated molecular patterns (PAMPs/MAMPs), which are conserved molecular signatures among microbes. The perception of PAMPs by plant cell surface-localized pattern recognition receptors (PRRs) rapidly activates mitogen-activated protein kinases in Arabidopsis. These MPKs are thought to represent two distinct MAPK cascades regulating plant immunity. The signal transduction mechanisms underlying PAMP-triggered immunity, however, are poorly understood. The bacterial pathogen Pseudomonas syringae secretes a large repertoire of effector proteins into the plant cell to enhance virulence. We have shown that many of these effector proteins inhibit PAMP-triggered immunity by targeting keep signaling components. We are using these effector proteins as molecular probes to dissect plant immune signaling pathway. For example, the analysis of host targets for the effector AvrPphB has led to the identification of BIK1 and PBL protein kinases as new components of PAMP-signaling pathway. As an alternative approach, we are conducting genetic screens to uncover additional components. We will present our results and discuss the advantage and limitations of each approach.
Plant defense and geminiviruse counter-defense X. ZHOU (1) (1) Institute of Biotechnology, Zhejiang University, Hangzhou, PRC PEOPLES REP OF CHINA Phytopathology 101:S207 RNA silencing is a natural defense mechanism which acts as an adaptive immune system against invading nucleic acids such as viruses in plants. Geminiviruses, contains a circular, single-stranded DNA genome and replication occurs in the nucleus by a rolling circle mechanism that employs circular double-stranded DNA, are thought to be both inducers and targets of RNA silencing. To counteract an antiviral RNA silencing response, geminiviruses express silencing suppressor proteins. Tomato yellow leaf curl China virus (TYLCCNV), a geminivirus, was found to be associated with betasatellite (TYLCCNB). Methylated TYLCCNV DNA was detected in TYLCCNV infected Nicotiana benthamiana plants, but TYLCCNB significantly reduced the cytosine methylation level of TYLCCNV. The βC1 encoded by TYLCCNB was found to function as a suppressor of transcriptional gene silencing (TGS). Over-expression of βC1 from a Potato virus X (PVX) vector reversed TGS of a GFP transgene and caused genome-wide reduction of cytosine methylation in infected N. benthamiana plants. Taken together, we demonstrated that DNA methylation is an important plant defense against TYLCCNV, and as a counterdefense, βC1 encoded by TYLCCNB could reverse TGS. The mechanisms of suppression are being progressively unraveled.
Bursaphelenchus xylophilus (PWN) has been thought to be the sole pathogen causing pine wilt disease, even though the disease mechanism has not been clearly elucidated. Based on a series of experiments, we hypothesized that pine wilt disease is a complex disease induced by PWN and bacteria it carries. Bacterial strains in the genus Pseudomonas were isolated from PWN in diseased pines (Pinus thunbergii) in China. The bacteria were bioassay on axenically grown PWN on callus of Pinus thunbergii. Ten bacterial strains and PWN supporting each other in their development and reproduction, that indicates a symbiotic relationship between PWN and the bacterial strains. Flagellin, a lignin peroxidase and two cyclic dipeptides were isolated from the bacterium; Pseudomonas fluorescens strain GcM5-1, carried by PWN. These compounds were tested for their toxicity to callus and seedlings of P. thunbergii. Results showed that flagellin could affect the cell membrane of P. thunbergii and increase its permeability, which led to the leakage of cell electrolytes and wilting. At the same time, the toxin treated cell wall was disrupted. This result explained the mechanism of pine wilting and death. This new theory has also been supported by field tests with a formulation of a nematicide and a bactericide in Korea by Kim J. C. et al. (2010) . The current pine control strategies and quarantine rules against PWN will be changed according to these new findings.
Viruses transmitted by nematodes: When the germs meet the worms I. ZASADA (1) (1) USDA-ARS, Corvalis, OR, U.S.A. Phytopathology 101:S209
The first report that plant-parasitic nematodes transmit plant viruses was published in 1958. Since this time, 30 plant-parasitic nematode species within the Longidoridae and Trichodoridae have been shown to transmit 14 nepoviruses or tobraviruses. These nematode-virus disease complexes affect a wide range of annual and perennial crops, resulting in economic losses and quarantine restrictions. During the last 54 years, numerous avenues of research have been taken to elucidate the nature of the association between virus and nematode, including: mechanisms of acquisition and transmission of viruses by nematodes, identification and distribution of nematodes and viruses they transmit, pathogen ecology, and disease management. Recent advances in nematode and virus diagnostics, transgenic plant resistance, and nematodevirus interactions at the molecular level will provide further insight into the management of these unique vector-virus complexes in the future. A historical perspective and current research directions on the topic will be discussed with specific examples from disease complexes involving Xiphinema index/ grapevine fanleaf virus, Paratrichodorus spp./tobacco rattle virus, and Xiphinema spp./tomato and tobacco ringspot virus.
Is it nematode or fungus that causes Mr. Potato to die early?
A. E. MACGUIDWIN (1) (1) University of Wisconsin-Madison, Madison, WI, U.S.A. Phytopathology 101:S209
The potato early dying disease (PED) is caused by an interaction of Verticillium dahliae with other pathogens, particularly Pratylenchus spp. This common disease reduces the yield and quality of most potato cultivars. Controlled inoculation showed a synergistic increase in PED symptoms when nematodes were spatially separated from the fungus, demonstrating the interaction is not simply root wounding. The collaboration of fungus and nematode for PED, verified in a wide range of environments, is accepted by farmers and successfully managed using soil fumigation. A majority of recent studies to understand the molecular and genetic basis of PED have focused exclusively on V. dahliae. Elucidating the Verticillium wilt disease and host resistance to it may not reveal an alternative to soil fumigation for the potato industry. Surveys of potato fields in Wisconsin, Maine, Canada, and Australia showed most fields were infested with Pratylenchus spp. as well as V. dahliae. We studied the importance of P. penetrans in PED for two potato fields by manipulating nematode and fungus inoculum densities using cover crops and solarization. Mean soil inoculum densities were negatively related to yield for V. dahliae for one experiment, and for P. penetrans and the P. penetrans x V. dahliae interaction in both experiments. Evidence supports the value of including nematodes in PED research and the need to better understand the pathogenicity of Pratylenchus spp. to potato. the magnitude of the damage to the cotton plant. In 1998, an association between two seemingly unrelated diseases, caused by Meloidogyne incognita and Thielaviopsis basicola, resulted in high cotton seedling mortality in cotton fields in southeastern Arkansas. At first glance, T. basicola, a root cortical parasite that is favored by cool, wet soil, and the southern root-knot nematode, a consummate hot summer pathogen, are almost environmentally exclusive. Where both pathogens are found together, however, a unique relationship occurs that allows each pathogen to damage cotton seedlings over a broader temperature range than with either pathogen alone, resulting in increased losses. The interaction between the two organisms on cotton is somewhat antagonistic rather than mutualistic. The relationship favors T. basicola with infection by the nematode allowing the fungus to infect seedling vascular tissues that are not accessible in the absence of the nematode. However, infection by T. basicola suppresses nematode reproduction. Control strategies appear to be through nematode management.
Management of Insect-Transmitted Plant Virus Diseases in the Tropics
The role of epidemiology in the management of insect-transmitted viruses-A tropical perspective R. A. JONES (1) (1) University of Western Australia, Perth, AUSTRALIA Phytopathology 101:S210 Epidemics caused by insect-transmitted viruses in cultivated plants pose a worldwide challenge to achieving satisfactory yields and quality of produce. This is especially so in tropical climatic zones where insect vectors are often abundant and epidemics occur in situations ranging from primitive subsistence cropping systems to technologically very advanced ones. An increasingly sophisticated and diverse range of host resistance, phytosanitary, cultural, chemical, biological and legislative control measures are becoming available to meet this challenge. Thorough knowledge of the epidemiology of pathosystem concerned is critical to decision making over control. When combined with sound information on the selectivity, mode of action, effectiveness and reliability of each individual control measure, and how to respond, this epidemiological knowledge is used to decide which control measures to deploy and whether to use an individual measure alone or together with others. However, control measures suitable to recommend for primitive subsistence cropping systems need to be tailored very differently from those suitable for technologically very advanced ones. Also, to be adopted control measures also need to be ecologically and socially sustainable, robust, affordable and compatible with local agricultural practices. Fortunately, there is an ever-increasing knowledge base and sophistication of technology to draw on to help in decision taking.
Whitefly and Begomovirus biology as a tool for their management in a developing country: Guatemala M. PALMIERI (1) (1) Universidad del Valle de Guatemala, GUATEMALA Phytopathology 101:S210
Research has been conducted to correlate Bemisia tabaci biotopes with the presence of different Begomovirus species in tomato and chile pepper in five Guatemalan regions in order to manage these crops without excessive insecticide usage. Seven B. tabaci biotypes were found using the CO1 gene. The polymorphisms are based on only eight nucleotide substitutions or deletions of the total 780 bp. The biotypes were found to correlate with crop, region, season and altitude. We found Tomato yellow leaf curl virus (TYLCV) present in 2006 in Jutiapa, El Progreso and Baja Verapaz. Further sampling throughout the country showed an incidence of TYLCV of 2.4% in plants and 0.7% in B. tabaci in nine additional departments. Another six Begomovirus species were found, the most abundant being Tomato severe leaf curl virus (ToSLCV), Pepper golden mosaic virus (PepGMV), Tomato golden mosaic virus (ToGMoV) and Tomato mosaic Havana virus (ToMHV), in both plants and whiteflies. This new information will facilitate Begomovirus management by, for example, the use of host free periods in the season when whitefly populations are highest.
Implementation and success of host-free periods for managing tomatoinfecting begomoviruses in developing countries R. L. GILBERTSON (1) (1) University of California-Davis, Davis, CA, U.S.A. Phytopathology 101:S210 Plant diseases caused by whitefly-transmitted geminiviruses (genus Begomovirus) cause major losses to vegetable crop production, especially in tropical and subtropical regions of the world. These diseases are difficult to control and result in farmers applying large quantities of insecticides. This practice is generally not effective and is undesirable for many reasons. Thus, effective sustainable practices are needed for disease management. This requires a thorough understanding of the virus(es) involved and the virus-vector interaction. In many regions, investigation of the begomovirus(es) involved and their biological properties have revealed that these diseases are caused by locally adapted viruses with narrow host ranges, often with the susceptible crop plant being the primary host. This has led to development and implementation of regional crop or host-free periods as a management strategy. This practice involves not growing the susceptible crop plant, usually for a period of 2-3 months, thereby disrupting continuous cropping patterns. This can result in a dramatic reduction in virus inoculum in the agroecosystem and, in some cases, a reduction in the insect vector population. Two successful applications of a host-free period for managing tomato-infecting begomoviruses in developing countries with tropical environments will be presented. In addition, the biological, economic and social aspects of developing and implementing a host-free period will be discussed. Thrips-transmitted tospoviruses (genus Tospovirus, family Bunyaviridae) are a significant limiting factor in the sustainable production of vegetable, food, feed and fiber crops worldwide. Among them, Peanut bud necrosis virus (PBNV) has emerged as a major constraint to tomato production in South Asia, especially in India. Reliable information on the occurrence of PBNV in other countries is lacking, although its presence was recently confirmed from Indonesia. PBNV is transmitted by Thrips palmi and has a broad host-range including legume and solanaceous crops and non-crop species. Because of limitations and disadvantages of chemical control of thrips, broad host-ranges of PBNV and its vector, overlapping cultivation of susceptible crops, and the lack of genetic sources of resistance to PBNV in tomato, the IPM-CRSP of the USAID is pursuing environmentally benign IPM strategies as an alternative to pesticide-based tactics for mitigating negative impacts of this virus to tomato production. Farmer-participatory appraisals, multi-location evaluations of tomato cultivars and hybrids in combination with roguing of symptomatic tomato seedlings during and soon after transplanting are offering simple but robust technologies to farmers for reducing virus incidence and avoiding crop losses. An analysis of benefit-cost ratio of roguing concluded that farmers can gain additional revenue without incurring extra costs for spraying pesticides to control thrips vectors.
Management of Peanut bud necrosis virus disease in tomato in South Asia
Whitefly vector populations in relation to virus ecology and management J. BROWN (1) (1) University of Arizona, Tucson, AZ, U.S.A. Phytopathology 101:S210 Initial molecular studies identified two mt-COI haplotypes (UG1, UG2) of the whitefly vector Bemisia tabaci associated with the severe Cassava mosaic disease (CMD) outbreak in Uganda ca.1988-90, which now affects eleven countries in east and central Africa. Phylogenetic analysis of the mt-COI and an informative nuclear marker (KDR intron) revealed that UG1 is endemic to Uganda, and that UG2 represents an exotic, introduced haplotype. Five unlinked, informative microsatellite markers were subsequently isolated from two independent enriched genomic libraries from whiteflies from eastern and western Africa that show clear structure at the desired level, and differentiate between pre-and post-invasion scenarios. Analysis of field collections provided by our collaborator Dr. James Legg, IITA-Tanzania will be presented. Results demonstrate the use of molecular and population data to inform vector biology in relation to spread of the severe CMD pandemic in cassava in subSaharan Africa that enable optimal targeting of virus-resistance varieties distributed to the highest risk locales. Such data also provide a baseline for understanding whitefly complexity in relation to their role as vectors of begomoviruses and other emerging viruses in the Caribbean, Central America and Asia. Plant viruses transmitted by insect vectors or through seed or germplasm cause diseases that become major constraints to food security in tropical developing countries. Diseases caused by viruses pose extreme challenges to host country scientists because of limited capability and resources to diagnose and understand the virus/vector/host pathosystem, essential for management within the increasingly dynamic crop ecosystems of developing countries. The lack of capacity and infrastructure to conduct rapid diagnostic assays is being alleviated somewhat by collaborative research and training and by improved diagnostics. As prevalence of the most economically important viruses in an area is documented through surveys, this knowledge will enable targeted research toward understanding the complexity of virus biology in diverse cropping ecosystems and dissemination by vectors (e.g. aphids, thrips and whiteflies). The basic concepts of managing viruses by reducing initial inoculum and delaying infection and rate of spread remain applicable. However, technologies for tropical cropping ecosystems must be holistically designed and transferred to different regions/countries, and have socioeconomic acceptance and impact.
Challenges unique to managing viruses in tropical developing countries

New and Emerging Technologies in Turfgrass Disease Management
The history and new advances in fungicide development for turfgrass disease management J. KERNS (1) (1) UW-Madison, Department of Plant Pathology, Madison, WI, U.S.A. Phytopathology 101:S211 Turfgrass disease management has been linked with fungicide development since the inception of turfgrass pathology. The initial experiments conducted on turfgrass disease control were performed at the Arlington Turf Gardens in 1917. The objective of these initial trials was to determine the efficacy of Bordeaux mixture against brown patch of fescue. The results of these trials demonstrated the benefits of fungicide applications greatly outweighed the disadvantages. Leaving the era of copper in fungicide history behind, turfgrass disease management entered a new era, one with synthetic organic compounds. Many notable products became available in middle 1900's for the control of turfgrass diseases such as benomyl, thiophanate methyl, iprodione, chlorothalonil, propiconazole and mancozeb. Although these fungicides were initially highly effective, after a few to many years of use, some of them succumbed to resistant pathogens. Fungicides coming to the market in the 2000's and presently, typically have single site modes of action that are prone to the development of fungicide resistance. Moreover, the increasing costs of bringing a new pesticide to market and the competition from post-patent products have hindered the release of new compounds. Consequently, this has ushered in a new age of studying the basic biology of turfgrass diseases and the efforts of today's turfgrass pathologists will likely revolutionize how we manage turfgrass diseases in the future. Intensively-maintained turfgrass is susceptible to a wide array of fungal disease problems. Golf course putting greens and fairways often receive numerous fungicide applications annually. The efficacy of a fungicide application depends on applying the right products at the right time using the right equipment and the correct technique. In recent years there has been a surge of interest in the influence of application technology for turfgrass disease management, including studies on nozzle selection, water carrier rates, and other factors. Along with improved disease control, drift reduction is another key goal. Many golf course superintendents are innovators who are eager to try new methods. This presentation will summarize recent progress in research and outreach related to application technology for turfgrass diseases including dollar spot (Sclerotinia homoeocarpa), spring dead spot (Ophiosphaerella spp.), brown patch (Rhizoctonia solani), fairy rings (various causal agents), and others. Strategies for sustainable, integrated disease management start with reliable pathogen identification. Conventional identification methods such as disease symptomology, host association, morphology and biochemical tests are still key diagnostic indicators for many phytopathogens; however, nucleic acid recognition-based methods are increasingly used for routine pathogen identification due to their speed, accuracy, sensitivity and reproducibility. In this seminar, we provide an overview of nucleic acid-based recognition tools for turfgrass pathogen identification that are currently available or under development, including real-time PCR, macroarray, SNP and microsatellite profiling, DNA sequence analysis and bioinformatics. We also provide examples of successful real-world applications of DNA-based turf pathogen identification tools currently being used by diagnostic laboratories, pathologists and plant breeders, and discuss innovative new technologies that could facilitate the future deployment of molecular identification tools for use in the field or lab without the requirement for sophisticated instrumentation.
Advances in application technology
Turfgrass diagnostics and new, advanced technologies
Enhancing systemic resistance in turfgrass disease management T. HSIANG (1), P. H. Goodwin (1), A. Cortes-Barco (1), B. Nash (1) (1) University of Guelph, Guelph, ON, CANADA Phytopathology 101:S211
Turfgrasses are known to possess natural defense mechanisms against stresses including diseases. Under intensive maintenance systems, these natural mechanisms may be insufficient to guard the plants against disease outbreaks. There are chemicals that have been observed to stimulate the natural resistance pathways in plants, with more abundant research on broadleaf plants as compared to grasses. We have been investigating the mechanism of action of certain new compounds in their role of defense activation against diseases in plants. These compounds generally do not have strong direct antifungal effects, but activate signaling pathways within the plant to either cause direct expression of defense-related genes prior to pathogen attack (induction) or allow expression of defense-related genes more quickly in response to pathogen attack (priming). Using tests in the lab and in the field, we have found that applications of such chemicals either alone or in combination can reduce turfgrass diseases significantly. This presentation will explore the use of such chemicals for turfgrass disease control, and discuss their advantages and possible disadvantages.
Using molecular tools to improve our knowledge of turfgrass pathogens N. R. WALKER (1) (1) Oklahoma State University, Stillwater, OK, U.S.A. Phytopathology 101:S211 Traditionally, turfgrass pathology research has been primarily focused on management practices that were relevant or applicable to the turf industry. Basic investigations into turfgrass pathosystems have been conducted sporadically for years but have not been as common or extensive as long standing applied efforts. The lower cost and increasing availability of newer molecular tools have led to wide-ranging basic studies on turfgrass pathosystems. The widespread use of PCR and DNA sequencing facilities has made more precise, genetics-based pathogen identifications much more commonplace. Also, increasingly accessible next generation sequencing technologies have now made the sequencing of a pathogen's entire genome highly feasible. Other advances in the genetic manipulation of pathogens, including more robust transformation systems, have been adopted from other crops' pathosystems and applied to study numerous turf pathogen interactions. This has permitted the development of transgenic pathogens that can be used to tag pathogens with visual markers such as fluorescent proteins that facilitate the observation and elucidation infection processes at the cellular level. Adoption of this latter tool relies on increasingly common epifluorescent and confocal microscopy facilities. Future applications of molecular tools to turfgrass pathosystems will be discussed.
Using social media in turfgrass disease management education J. E. KAMINSKI (1) (1) Pennsylvania State University, University Park, PA, U.S.A. Phytopathology 101:S211 Traditional forms of communication can take a relatively long time to produce and are generally thought of as one-sided. On the other hand, social media outlets (e.g., blogs, facebook, twitter, others) serve as a communication tool that allows for rapid dissemination of timely information and encourages reader feedback and comments. In 2009, a website about turfgrass diseases (www.turfdiseases.org) was developed using Blogger. To make the information available in a broad range of formats, the website content was integrated with other social media platforms including Facebook and Twitter. Information to the different sites is posted as follows: 1) original blog updates are posted to the blog at turfdiseases.org; 2) blog links, photos, and other turf disease-relevant content are posted to Facebook; and 3) all blog and facebook posts as well as additional interactions posted to @turfdiseases on twitter. As of 14 March 2011, a total of 1610 "Likes", 614 "Followers" and 140 "Followers" were tracking "Turf Diseases" on Facebook, Twitter, and turfdiseases.org, respectively. Since 2010, a total of 372,951 "post views" and 134,767 "pageviews" were recorded on facebook and turfdiseases.org, respectively. Although more difficult to track, @turfdiseases reached 3,456 people and had 11,271 impressions based on the last 21 tweets as of 14 March 2011. The use of social media continues to evolve into an important and rapid information dissemination tool which encourages user interaction and enhances reader and/or user experience. Fresh fruits and vegetables have increasingly become associated with outbreaks of foodborne illness from the enteric pathogens non-typhoid Salmonella and Enterohemorrhagic Escherichia coli (EHEC). Salmonella, a public health concern for over 100 years, has traditionally been associated with poultry and egg products; EHEC emerged in the 1980s and its resulting infection was given the misleading name "hamburger disease". The historical association with animals and animal products has led to both organisms being labeled as zoonosis -infections transmitted by animal vectors to humans. Subsequently, the presence of these pathogens on fruits and vegetables has often been viewed by the public health and food safety communities as the result of contamination due to contact with feces from a domestic or wild animal source at some stage during cultivation or handling and resulted in statements like "We're trying to find out in what point in the process there might have been feed lot contamination". A growing body of evidence, related to the role of the non-host environment in the life cycle of each organism, is being assembled. This presentation will discuss what is currently known about the frequency, prevalence, and behavior of Salmonella and EHEC in the produce production environment and the challenges in altering the historic perspective on the transmission of these organisms. The aerial portions of plants are colonized by bacteria in amounts up to 10 8 cells per gram plant tissue. Molecular genetic studies of the phyllosphere residents have shown that these bacteria adapt for growth and survival in this habitat. Leafy green produce has been increasingly associated with outbreaks of human illness due to contamination of plants with human pathogens in the field prior to harvest. Although enterohemorrhagic Escherichia coli O157:H7 (EcO157:H7) is generally not a good colonist of the phyllosphere, it is able to survive in low amounts on lettuce in the field. We are investigating the influence of the indigenous phyllosphere-associated microbiota on EcO157:H7 colonists in relation to other environmental factors which influence pathogen adaptation for survival on Romaine lettuce. In field trials examining survival of an attenuated, non-pathogenic EcO157:H7 on Romaine lettuce in the Salinas Valley, California, total culturable population sizes of bacteria were typically inversely correlated with EcO157:H7 persistence on the plants, and certain phyllosphere isolates were shown to inhibit the growth of this pathogen in vitro. Phyllosphere bacteria were identified during different growing seasons, stages of plant maturity, and irrigation regimes by 16S rRNA gene sequencing using the Roche-454 pyrosequencing platform. These results show a large diversity of organisms with seasonal and irrigation dependent differences and correlations among plants inoculated with EcO157:H7.
Omics Approaches for the
Escherichia coli
Transcriptomic insights into the interaction of E. coli O157:H7 with lettuce M. T. BRANDL (1) (1) USDA-ARS, Albany, CA, U.S.A. Phytopathology 101:S212 Minimally processed leafy vegetables are the biggest culprits in producelinked outbreaks of foodborne illness and E. coli O157:H7 (EcO157) is the predominant causal agent of these outbreaks. Harvesting and processing cause plant lesions thus creating new niches for opportunistic colonization of leaves by human pathogens. Populations sizes of EcO157 increased 11-fold on shredded lettuce compared with 2-fold on intact leaves within 10 h only. Due to the low infectious dose of EcO157, identification of bacterial and plant attributes that enable or inhibit its growth on fresh-cut leaves is essential for the development of effective control strategies. Microarray transcriptomics and QRT-PCR revealed that EcO157 cells exposed to injured lettuce leaf tissue upregulate a wide range of virulence factors as well as genes involved in oxidative and osmotic stress, and antimicrobial resistance. Although multiple transport systems for carbohydrates that are prevalent in plants were activated in EcO157 in lettuce lysates, growth rates of the pathogen in lysates of different lettuce varieties were independent of carbohydrate concentration but correlated negatively with ROS concentration. In shredded lettuce leaves, expression of plant basal defense genes was affected by the presence of EcO157 compared with uninoculated leaves, indicating that a complex network of plant response to injury and colonization by the pathogen may modulate the outcome of a contamination event.
Hunting the plant essential Salmonella enterica genes J. BARAK (1) (1) Dept. Plant Pathology, University of Wisconsin-Madison, Madison, WI, U.S.A. Phytopathology 101:S212 Salmonellosis the most common bacterial food-borne illness contracted by Americans, and contaminated produce is a growing source of infection. Salmonella enterica is an animal pathogen that has recently been shown to colonize plants, meaning S. enterica can adhere, survive, and replicate on the plant. These findings have increased the urgency to understand the mechanisms used by enteric pathogens to colonize the plant niche. As fewer agricultural sites are isolated from the impact of urban development (e.g., waste, contaminated water supplies, etc.) produce cannot be ignored as a source of infectious diseases. Further, Salmonella persistence on produce can be considered a model system to better understand adaptation strategies a pathogen can use to survive in multiple niches, and thus maximize the probability of encountering a susceptible host. Through an omics approach, we have found no significant overlap between genes required for plant colonization and those required for infection of animals. A detailed understanding of the mechanism of S. enterica persistence will contribute to efforts to design intervention strategies to remove this and other pathogens prior to human consumption.
Insights from the comparative genomic analysis of pathogenic plant endophytic and clinical Klebsiella pneumoniae isolates D. E. FOUTS (1) (1) J. Craig Venter Institute, Rockville, MD, U.S.A. Phytopathology 101:S212
We reported the first genome and comparative genomic analysis of a nitrogenfixing, endophytic Klebsiella pneumoniae species, strain 342 (Kp342). Kp342 serves as a model for studies of endophytic, plant-bacterial associations, due to its efficient colonization of plant tissues (including maize and wheat, two of the most important crops in the world) while maintaining a mutualistic relationship, which encompasses supplying organic nitrogen to the host plant. Although Kp342 is a member of the enteric bacteria and genome analyses identified a complement of genes involved in animal pathogenesis, when tested in mouse models, this species was less virulent in comparison to a closely related clinical strain. A comparative genomic analysis examined Kp342 for the presence of previously identified genes from other bacteria known to be involved in colonization of, or growth in, plants. From this set, approximately one-third of genes were identified in Kp342, suggesting that additional factors most likely contribute to its endophytic lifestyle and genome analyses were used to provide new insights into this question. I will present fresh data on comparisons with newly available genomes using a new pan genome analysis pipeline. The presence of phytopathogens increases growth of Salmonella in planta. Uncovering the mechanisms by which Salmonella benefits from this association would be another step towards pathogen-free fruits and vegetables. The published genomes of Salmonella do not contain recognizable pectinases. We hypothesize that pectinolytic activities excreted by phytopathogens provide additional nutrition to Salmonella. Extracellular degradation of pectin results in oligomers that Salmonella could potentially uptake as a carbon source. To test this hypothesis, Salmonella was cultured in M9 minimal medium with polygalacturonic acid (major component of pectin) as the carbon source in the presence of either pectinolytic enzymes or the soft rot phytopathogen Pectobacterium carotovorum. Salmonella CFU counts were 100 fold higher in M9 medium with polygalacturonic acid when grown in the presence of Pectobacterium. The presence of polygalacturonase in M9 with polygalacturonic acid promoted Salmonella growth. A similar benefit was not found when pectate lyases were added to the polygalacturonic acid containing medium.
Does pectolytic activity of phytopathogens enhance
Phytopathological Phreakonomics
The Freakonomics of plant protection P. D. MITCHELL (1) (1) University of Wisconsin-Madison, Madison, WI, U.S.A. Phytopathology 101:S213
Freakonomics by Levitt and Dubner presents several examples of the "Law of Unintended Consequences" in everyday life. In this session, we focus on freakonomics in plant protection-cases when the best intentions have led to unintended consequences. The first presentation describes the academic history of the "Law of Unintended Consequences" in neoclassical economics, beginning with Jevon's Paradox, and some contemporary examples in crop protection. The presentation then summarizes the general economic and agronomic principles underlying these outcomes in crop production and suggestions for improving the science of plant protection and crop production.
How IPM contributed to the current fungicide resistance crisis in apple management J. L. Beckerman (1) Persistent use of single-site inhibitor fungicides to control of apple scab has led to multiple fungicide resistances in Venturia inaequalis. Fungicide resistance has developed with varying frequencies in orchards in the Midwest. In a recent survey, 38% of isolates were either resistant or shifted toward resistance to two fungicide classes, and 12% were resistant or shifted to all four fungicide classes examined (benzimidazoles, sterol inhibitors, strobilurins, and guanidines). The presence of resistance to all four of the single-site inhibitor classes commonly used for apple scab management has forced growers to revert to higher doses and more applications of old (1950s) protectant fungicides. Growers lose management flexibility and risk increased crop loss as they revert to old fungicides. Nearly 100 years ago, a physician named Paul Ehrlich (1913) recognized that it is best to "hit hard and hit early" to prevent microbes from developing resistance to treatment. This tenet conflicts with the fungicide reduction strategies that have been widely promoted over the past 40 years as integral to Integrated Pest Management (IPM). The IPM focus on pesticide reduction generated short-term "successes" without appropriate analyses of the long-term costs for managing plant pathogens. We provide multiple lines of evidence that the approaches used to implement IPM have contributed to fungicide resistance problems and may still be driving that process in apple production. Strobilurin fungicides belong to the QoI fungicides. QoI stands for quinone outside inhibitors. Recently, the use of fungicides that contain strobilurins has dramatically increased in corn and soybean production. This chemical group has also been touted as having plant health benefits. Some of the plant health benefits or claims include improved plant tolerance when stressed by abiotic factors. Also, in corn, plant health benefits have been touted for improved stalk strength or tolerance to damage from hail. While many physiological changes have been document in controlled trials like those of greenhouse or growth chamber experiments, there exists little empirical evidence of such effects in the field. In this talk, emphasis will be on describing potential physiological changes due to the application of strobilurin fungicides followed by a closer examination of field trial results for corn and soybean. In particular, we will examine data from both published and unpublished work that examines the effect of hail damage or response to fungicide application in low disease environments. Overall, results from several years of field crop trials have indicated that the best response for use of fungicides is when the potential for disease is greatest.
Regulating the ubiquitous T. GOTTWALD (1) (1) USDA ARS, Fort Pierce, FL, U.S.A. Phytopathology 101:S213 Detection of initial introductions of any exotic pathogen is challenging because by definition, exotic introductions occur in very low incidence. Initial surveys may underestimate incidence or may determine that pathogens have become dispersed across large regional areas and have become widespread, i.e., ubiquitous. Because exotic pathogens initially may not be found in all agricultural regions where a commodity is grown, they fall under strict regulatory authority and prompt swift action. Regulatory agencies require methodologies to quickly find and accurately delimit exotic pathogens. These methods often involve considerable physical and manpower resources. As pathogen incidence and the proportion of total infected commodity area increase, regulatory agencies must quickly adapt their mitigation strategies, even though changing regulatory policy can be hampered by political momentum and challenged by litigation. Regulatory agencies are becoming ever more reliant upon rapid regional survey methodologies and predictive models to estimate disease increase and spread that are linked to economic models to estimate changing fiscal and manpower resources. The need for such tools increases as the number of exotic pathogens assailing U.S. agriculture escalates. These tools provide the means to justify modifications to regulatory policy. Examples are provided from regional epidemics of the arboreal exotic pathogens citrus canker, Huanglongbing, and plum pox. Although biological control has been effective in controlling a range of plant diseases, inconsistency in performance has plagued efforts to harness biocontrol for broad-scale commercial use. With this in mind, several quantitative reviews (meta-analyses) of published and unpublished studies have attempted to reach a consensus on the overall efficacy level of biological control across a spectrum of diseases, and to identify study factors (moderator variables) that influence the success or failure of biocontrol. Taken together, these analyses showed that biological control is moderately but significantly effective overall, and that study-level moderator variables such as disease pressure, host plant type/cultivar, or nitrogen level/form can explain some of the variability observed across individual studies. The meta-analyses also revealed significant interactions between pathogen and biocontrol agent type on biocontrol efficacy. For example, r-selected biocontrol agents were more effective than those that were not r-selected; products based on Bacillus subtilis performed better against fire blight in the eastern U.S. than those based on Pantoea agglomerans; and mycorrhizae were more effective biocontrol agents than rhizosphere bacteria across a range of pathogen-host combinations. Some of these findings are at odds with conventional wisdom, warranting further research into the mechanisms underlying the observed moderator variable effects.
Panacea or villain: Biocontrol is neither
Against the current: Pests, pathogens, and produce on the St. Lawrence Seaway G. W. HUDLER (1) (1) Cornell University, Ithaca, NY, U.S.A. Phytopathology 101:S213 On May 3, 1959, residents of Duluth MN and representatives of the major exporting industries in the Upper Midwest gathered at the city's iconic aerial lift bridge canal to welcome the first ocean-going ship to traverse the entire length of the newly completed St. Lawrence Seaway. At the time, the $639 million Seaway promised to breathe new economic life into the cities and towns that lined its 2500 mile drift from Montreal to Duluth, and for a while it did. Twenty years later, however, it had become painfully obvious to some that the Seaway was not only a marginal economic venture but an ecological disaster. Both concerns continue to this day. Over 150 invasive aquatic pests and pathogens originating beyond North American shores have found travel on foreign vessels convenient for mounting an invasion into previously (for them) uncharted territory. And plant health care professionals educated in the mid-20th Century who must have scoffed at their predecessors' careless introductions of Dutch elm disease, white pine blister rust, and chestnut blight are left now to cope with the Seaway's latest round of terrestrial foreign invaders. Asian long-horned beetles and emerald ash borers get the headlines, but one has to wonder just how much more trouble is yet to surface ... and at what cost. Scrupulous surveillance and prompt eradication seem to provide the only viable options for minimizing future damage. Or, as some have suggested, we could just give up.
Schroth Faces of the Future in Nematology
Chemical ecology and isolation of biologically active compounds from parasitic nematodes F. KAPLAN (1), H. T. Alborn (1) (1) USDA-ARS, Gainesville, FL, U.S.A. Phytopathology 101:S214 Root knot nematodes (Meloidogyne spp) are possibly the economically most important and best-studied species of plant parasitic nematodes. However, for Meloidogyne spp. and the intensely studied nematode, Caenorhabditis elegans, very little is known about signaling within and in-between species. It has been reported that Meloidogyne species prefer uninfected over infected roots when given a choice. However, the nature of this signal is unknown. When studying C. elegans behavior, we discovered the composition and release of nematode produced small signaling compounds to be tightly correlated with environmental conditions such as crowding and food availability. These signals lead to transition into and out of the dauer stage, which is equivalent to infective juvenile stage of plant parasitic nematodes. We are taking two approaches to identify chemical cues mediating host attraction and avoidance: First, by collecting and bioassaying of volatile cues from Meloidogyne incognita infected and uninfected tomato roots, second, by collecting and bioassaying water soluble cues from exudates and root extracts of plants infected with nematodes and from healthy roots. The metabolites from infected roots and root exudates are fractionated by various chromatographic methods and tested for biological activity. Results from the second approach will be presented.
Teaching and learning plant-parasitic nematode identification P. AGUDELO (1) (1) Clemson University, Clemson, SC, U.S.A. Phytopathology 101:S214 Training nematode identifiers is just as essential to ensure a healthy future for the field of nematology as is the education of nematode systematists. Training nematode identifiers is very different from forming nematode taxonomists. Identifiers rely on practical criteria and are expected to make routine identifications at the generic level based on morphological characters as seen with light microscopy. I will share my experience as a trainer of identifiers in Clemson University, where I host a one-week course on Plant-parasitic Nematode Identification. Course participants typically include research and extension scientists, professional consultants, regulatory personnel, diagnosticians, and graduate students. The course is structured as short lectures on the biology and ecology of the nematode groups, immediately followed by direct observation of specimens. The emphasis of all the teaching materials is on identification by morphology. The "recognition" approach is favored, where all relevant features of a specimen are used simultaneously to identify the genus, as opposed to the sequential approach that taxonomic keys dictate. Participants prepare and observe their own mounts of fresh specimens of the 25 most common plant-parasitic nematode genera in agricultural soils. A brief history of the course is presented along with a discussion of the evolution of the teaching techniques. The Columbia root-knot nematode (Meloidogyne chitwoodi) is a major pest in potato in the Pacific Northwest and has quarantine status in many countries. Our overall objective is to understand the molecular interactions between plant-parasitic nematodes and their host plants. Using the M. chitwoodi-potato pathosystem as an example, we will dissect plant-nematode interactions and develop novel control strategies utilizing an integrated approach. Effector genes play a key role in molecular plant-nematode interactions and will not only advance our understanding of fundamental processes in nematode parasitism, but might also be exploited as control targets. In addition, our lab employs comparative genomics to gain a better understanding of how plant parasitism evolved in Meloidogyne. At present, four different M. chitwoodi populations are known that differ in their host ranges and their ability to overcome resistance genes from a wild Solanum species. We are studying the genetic and morphological variability between these pathotypes and their interactions with host plants and will discuss how pathotype diversity impacts our ability to develop molecular control strategies that are effective against all M. chitwoodi populations. We hope to provide evidence that the future of nematology lies in addressing nematode disease problems in an integrated manner and benefits from combining molecular and classic techniques and asking questions in an ecological context.
Dissecting the interactions between
Technology Outlook: Detection Innovations and Successes
Deployment of DNA arrays in plant pathogen detection C. LEVESQUE (1) (1) Agriculture and Agri-Food Canada, Ottawa, ON, CANADA Phytopathology 101:S214 DNA arrays have been around for over a decade now and are being used in some commercialized diagnostic applications. For functional genomics and microbial ecology studies, the use of DNA arrays has been generally superseded by next generation sequencing, mainly because arrays provide data on known pathogens and can be prone to misleading results if unknown organisms closely related to the targets are in the sample. However, there are niches where lower density DNA arrays are still a more economical and practical tool to generate data on the presence/absence of a broad range of specific plant pathogens. Arrays do provide the potential of running large number of samples in a cost effective manner. There are high throughput array based platforms developed for human pathogens that could be adapted for plant pathogens. The first lab on a chip for plant pathogens was designed for Phytophthora. It uses an array system whereby a positive hybridization event closes with silver a microcircuit gap located over a micro spot of specific oligonucleotides. The best way to develop reliable arrays and diagnostics in general is to include a large proportion of species from the target genera in the design and validation stages, even if the assays are being developed only for a few selected species. Therefore, the availability of comprehensive collections of specimens or strains and high quality sequences associated with them remain at the core of any diagnostic assay development. Phytoplasmas are phloem-inhabiting, cell wall-less bacteria responsible for numerous diseases in agriculturally and ecologically important plant species. In recent years, new phytoplasmas have been discovered at an increasingly rapid pace in emerging diseases worldwide. Correct identification of diverse phytoplasma strains is the key to accurate disease diagnosis and epidemic management. Since phytoplasmas cannot be cultured in cell-free media, identification and classification of phytoplasmas have been primarily based on molecular analysis of evolutionarily conserved gene sequences. Recently we constructed an interactive online tool, iPhyClassifier, to expand the efficacy and capacity of the current 16S rRNA gene RFLP-based phytoplasma classification system. iPhyClassifier performs sequence similarity analysis, simulates laboratory restriction enzyme digestions and subsequent gel electrophoresis, and generates virtual gel images. Based on RFLP pattern similarity coefficients and sequence identity scores, iPhyClassifier makes instant suggestion on group/subgroup classification status and 'Candidatus Phytoplasma' species assignment for the phytoplasma under investigation. A newer version of the tool, iPhyClassifier 2.0, is currently being developed. The new version will include additional functions such as multi-locus marker analysis for finer differentiation of closely-related lineages, and composite RFLP pattern display for identification of strains with sequence-heterogeneous rRNA operons.
Using surface plasmon resonance (SPR) technology to detect quarantine plant pathogens R. DI (1) (1) Rutgers University, New Brunswick, NJ, U.S.A. Phytopathology 101:S215 Rapid and accurate detection of quarantine pathogens is needed to safeguard our agriculture and natural resources. Surface plasmon resonance (SPR)-based molecular detection methods can fulfill this need. SPR technology is based on the use of a biosensor that utilizes a capturing molecule (the ligand) as a reactive surface in close proximity to a transducer (e.g., a gold film) which converts the binding of an analyte (the pathogen) to the ligand into a measurable signal. SPR is currently used to detect food-borne bacteria and toxins. A handheld SPR device is being explored to be used for detecting quarantine plant pathogens. Ralstonia solanacearum (Race 3 biovar 2), a quarantine pathogen in the U.S. that is of high consequence and importance has been chosen as the first study subject. The use of R. solanacearumspecific antibody and other molecular probes targeting to different races and biovars of R. solanacearum will be discussed for the detection of this important quarantine plant pathogen. Novel and emerging plant viruses, driven by pathogen evolution, global trade, crop intensification and potentially climate change, pose a key threat to agriculture worldwide. Even apparently symptomless virus infections can cause considerable yield losses, which can be further exacerbated by synergistic interactions with other viruses. RNA silencing constitutes a fundamental antiviral defence mechanism in plants in which host enzymes cut viral RNA into pieces of 20-24 nt. When isolated, sequenced en mass and properly aligned these virus-derived small RNA (sRNA) sequences can reconstitute genomic sequence information of the viruses being targeted in the plant. This approach is independent of the ability to culture or purify the virus and does not require any specific amplification or enrichment of viral nucleic acids as it automatically enriches for small RNAs of viral origin by tapping into a natural antiviral defence mechanism. To date the method has been used to identify numerous new viruses including single and double stranded RNA, DNA and reverse transcribing viruses from hosts as divergent as plants and invertebrate animals. In several cases unexpected apparently symptomless viruses were also identified, providing an important reminder that there may be many more viruses infecting our crop plants than we have previously been aware of, and their potential impacts on agricultural productivity remain to be understood. The nicking enzyme amplification reaction (NEAR) is an example of an isothermal amplification technology that offers a PCR inhibitor resistant solution in a rapid, sensitive and specific format to screen plant samples for the presence of pathogen causing disease. NEAR isothermal amplification technology can amplify and detect a specific plant pathogen in less than 14 minutes to as fast as 2 minutes in a real time format. We will discuss matrix effects on the efficiency of real time NEAR assays for Clavibacter michiganensis subsp. michiganensis (Cmm), the causal agent of bacterial canker in tomatoes, and Clavibacter michiganensis subsp. sepedonicus, the causal agent of potato ring rot. Our data shows specific detection of Cmm and Cms directly from infected tissue using a simple maceration of the tissue and confirms the desired specificity. The results indicate the possibility of detecting plant pathogens and disease in very early stages of development prior to the onset of symptoms. In addition, we will present data for the detection of both Cmm and Cms from samples using a real time NEAR fluorescent format as well as on a DNA lateral flow strip housed in selfcontained handheld device. NEAR is a robust assay, with little inhibition, allowing for amplification directly from crude extracts without further purification. The exquisite assay sensitivity, speed and portability make it an ideal choice for point-of-testing (POT) and field analysis. Eucalyptus spp. have been propagated outside their native range for more than a century. However, it is only during the course of the last three decades that these trees have been widely planted in the tropics. This has led to substantial experimentation with tropical species that were not propagated in plantations during the earlier part of the 20th Century. A major consideration in developing suitable species has been to avoid disease problems that have increasingly grown in importance. These diseases have emerged through the accidental introduction of pathogens to new areas. But interestingly, some of the most important diseases are caused by relatively host specific pathogens undergoing host shifts from native Myrtaceae in the tropics. These unexpected new host encounter diseases cause by pathogens such as Puccinia psidii and various species in the Cryphonectriaceae have now also begun to move to new environments. The consequences are a eucalypt resource that is increasingly threatened by disease and in some areas, long term sustainability has been questioned. Against this worrying backdrop, application of new technologies including hybridization, genetic modification, knowledge emerging from the recently sequenced first Eucalyptus genome and tools to better understand pathogen biology and genetics provide opportunities to reduce the impact of diseases in the future.
The
Tropical Forest Pathology
Current knowledge of Eucalyptus rust in Brazil
A. C. ALFENAS (1), R. N. Graça (1) (1) Federal University of Viçosa, Viçosa, BRAZIL Phytopathology 101:S215 Puccinia psidii is expanding its geographic and host range, exemplified by recent reports in Hawaii, Japan, and probably in Australia. On eucalypts, infection occurs on leaves and shoots causing necrosis, loss of apical dominance, hypertrophy, and deformation of the infected organs. Under controlled, dark, conditions, infection takes place at 10 to 25°C (optimum 23°C) with 648 h of leaf wetness (optimum 24 h). Infection does not occur below 10°C or above 30°C. Yellow uredinial and, more rarely, brown telial pustules are formed on infected organs. In the field, periods longer than 6 h with RH = 90% at 1825°C favor disease development. A recent study indicated that rust intensity decreases as plant height increases due to a reduced duration of leaf wetness and a reduced concentration of airborne urediniospores at greater heights. High inter-and intra-specific genetic variability within Eucalyptus spp. allows selection and planting of rustresistant genotypes. In a specific E. grandis family, rust resistance is controlled by a single major locus, Ppr-1. A further study positioned the Ppr-1 gene on the reference genetic map for Eucalyptus, and the results were consistent with the hypothesis that Ppr-1 controls a large proportion of resistance. In families of other species and distinct genetic backgrounds, the genetic basis of resistance is more complex. Furthermore, the genetic variability among the pathogen populations is also a major concern in resistance screening. To date, extensive sampling has revealed considerable genotypic diversity among P. psidii isolates, as well as differences in pathogenicity on diverse host species. Ohi'a rust caused by Puccinia psidii was first discovered on infected ohi'a on the island of Oahu in 2005. Since then it has spread to all of the major Hawaiian Islands and has been found infecting 21 Myrtacea hosts. New susceptible hosts continue to be found, and the spread of the disease into new areas is eminent. Molecular analysis of the rust was expanded with the addition of newly developed primers. The genotype of the rust in Hawaii remains similar to a strain from Florida and from the intercept of myrtle from California. To determine host range and of the rust, pathogencity tests were initiated in 2011 on: rose apple (Syzygium jambos), wax apple (Syzygium samarangense), ohia (Metrosiderous polymorpha), and eucalyptus (Eucalyptus torreliana). Two weeks after inoculation all hosts were infected. Additional Myrtacea hosts, allspice (Pimenta dioica), mountain apple (Syzygium malaccense), guava (Psidium guajava), and Surinam cherry (Eugenia uniflora) will also be tested. Results of the host range test show that the Hawaii isolate has a wide host range, highlighting the risk to the native Hawaiian forest. The wilt disease of Acacia koa (koa) due to infection by Fusarium oxysporum f. sp. koae causes high rates of mortality in field plantings and threatens native koa forests in Hawaii. Identifying and developing wilt resistant koa populations may be the key to successful koa reforestation and restoration. The objectives of this research were to screen koa seedlings for resistance and susceptibility to Fusarium wilt and to determine if resistance is correlated with levels of expression of different classes of chitinases. We have isolated complete cDNAs encoding four different classes of chitinases from koa. In greenhouse experiments, seedlings grown from seeds of selected koa trees were screened for resistance and susceptibility using a mixture of virulent F. oxysporum isolates as the inoculant. Koa families with relatively high frequencies of resistant progenies were grouped as 'resistant' while families with high frequencies of seedling mortality were grouped as 'susceptible'. We are now testing the half-sib progenies from resistant and susceptible families for expression levels of the chitinase genes using quantitative PCR. Expression levels of the chitinase genes may provide an additional measure of wilt resistance of the koa seedlings that survive infection by virulent isolates of F. oxysporum. Guam's Ironwood trees (Casuarina equisetifolia) are dying at rates that far exceed the norm for the region. The problem fits the classic definition of tree decline: symptoms are nonspecific such as the thinning of branches; tree health gradually deteriorates leading to tree death over a course of several years; and decline is attributed to a complex of infectious and non-infectious agents. However, Guam's trees deviate from the classic model where mature trees are more prone to decline. Internal discoloration of the trunk and juncture of large branches was often traced to root and butt rot. By applying various modelling techniques to a set of 1427 individual trees, it was concluded that the presence of basidiocarps, termites, and improper tree care were significant explanatory variables for the decline. A data set created by GIS mapping was also evaluated; however, a reliable model has not yet immerged. At least 5 basidiocarp genera have been identified, of which Ganoderma and Phellinus are most likely contributing to the tree's decline. Termites reported on Guam's ironwood trees include species of Nasutitermes, Microtermes and Coptotermes. Other explanatory factors under study include typhoons Chata'an and Pongsona, a species of wasp belonging to the genus Selitrichodes, nematodes in the genera Helicotylenchus and Aphelenchoides, and the bacterium Ralstonia solanacearum. Ironwood trees (Casuarina equisetifolia), on the island of Guam have been in a state of decline for the past ten years. To determine the status of the decline problem and to seek possible causes, a survey of 1427 trees was conducted. A highly significant (p = 0.0001) linear function (r 2 = 0.997) between the presence of conks and decline severity emerged. Sixty-five percent of the trees at the most severe level of decline (nearly dead) had conks. Species from five basidiomycete genera of the class Agaricomycetes, belonging to the orders Polyporales (Ganoderma, Favolus, Pycnoporus), Hymenochaetales (Phellinus) and Thelephorales (Sarcodon) were identified based on macroand micromorphology and DNA sequencing. The most common species observed was in the genus Ganoderma. Diagnostics was based on the prolific production of double walled basidiospores from sporocarps (a characteristic feature of members of the Ganodermataceae). Nuclear ribosomal (ITS) DNA sequencing confirmed Guam's species as a member of the G. australe species complex. The second most frequently collected conk belonged to the genus Phellinus. These two known genera of Casuarina wood rotting fungi are most likely playing a prominent role in the decline of Guam's ironwood trees. Due to the high association between levels of management and decline, it is believed that tree wounds from lawn equipment serve as a point of entry for the two fungi.
Invasion of
Decline of
Emerging Pests/Invasive Species
Ag and Food Biosecurity: A Decade of Progress and Reality
Crop biosecurity: An international perspective M. GULLINO (1) (1) Agroinnova-University of Torino, Grugliasco (TO), ITALY Phytopathology 101:S216 Biosecurity is emerging as one of the most important issues facing the international community. Although traditionally associated with risks for humans and animals from infectious diseases and biologically weapon, it now includes risks to agricultural crops, natural ecosystems and food. Agriculture and associated upstream and downstream related sectors are essential to the social, economic and political stability of all nations. Agricultural systems, including the food supply chain, are global in nature and pose a relatively soft target for those intent on harm, offering various points at which commodities could be deliberately contaminated. Addressing biosecurity issues related to crops and food has generated new fields of research and emphasized the need for continued investment in traditional fields of plant biology. In a broad sense, crop biosecurity is aimed at protecting agricultural lands and forests as well as the food supply from the natural or intentional introduction, establishment and spread of plant pests, pathogens and noxious weeds.
Securing the agro-food system requires the ability to identify high priority threats and then to prevent, detect, respond to and recover from actual events. Due to the global nature of agriculture, an international approach is needed. Some of International projects on crop biosecurity will be described. In particular, a Network of Excellence on Crop and Food Biosecurity, recently funded by the European Commission, is described. The issue of global insect threats is one of the most important current global topics in agricultural biosecurity. Interest does not just stem from reasons of avoiding the introduction of devastating insects from one geographical region to another, but also the damage, social issues, animal and crop losses, economic shortfalls and losses in biodiversity as a direct consequence of insect invasion. Recent increases in global food prices in many countries and shortages of food in others, calls for a crucial need to understand the importance of insect threats, how they are related to international trade, and the appropriate measures needed to overcome the problem. It is critical to understand, not only on agricultural biosecurity related issues, but also the approaches on agricultural pest risk assessment, how they are developed and applied globally in different regions and continents. The procedures and the roles of various national, regional, and international organizations such as the World Trade Organization and regional Plant Protection Organizations will be discussed as well as some policy issues when applying national and international rules in export and import of agricultural products and goods. In that context, it is equally important to know the international rules and regulations and also issues on trade, trade barriers and potential trade protectionism.
Food defense: Farm to fork K. WARRINER (1) (1) University of Guelph, Guelph, ON, CANADA Phytopathology 101:S217 History has demonstrated that the food chain is a relatively easy target for a bioterrorist. The modern day food chain is highly complex with raw and finished products being sourced from multiple sources. The open nature of food chains makes defence against natural or deliberate contamination impossible. Yet, risk analysis tools, such as CAVAR-Shock, that are available to rank the various scenarios in terms of likelihood, impact, recoverability and psychological affects on the population. By identifying the most vulnerable points it is possible to identify foods and points in the chain to focus resources. Biosecurity programs and diagnostic devices also play a role in guarding the food chain or making targets less attractive to attack. More recent innovations are the establishment of intelligence databases that can be accessed by agencies across the globe to identify potential threats. The innovations to protect the food chain from attack by bioterrorists can also enhance safety against the natural introduction of biohazards and these will also be covered in the presentation. Microbial forensics is currently seen as a new field that overlap functions with biosecurity, biosafety, microbiology, and plant pathology. Microbial forensics is a scientific discipline that analyzes microbial activity as evidence for attribution purposes and/or tracing back to a point of origin. Microbial forensics performs into a rigid legal frame and demands a rigorous (accredited) and unbiased performance. Typical investigations may include the application of discriminatory methods to determine the cause of crop injury, herbicide damage, phytotoxicity, identification of microbes and insect during new incursions, track back of exotic microbes, investigation of introduction pathways and microbes associated to biocrimes during criminal investigations, etc. The methods and techniques used are similar to those applied in plant pathology, but microbial forensics demands further exhaustive testing and supportive unbiased accreditation systems. In microbial forensics maximum sensitivity is necessary as well as specificity. In order to reach high specificity and discrimination capability, all new assays need to be challenged through broad inclusivity and exclusivity panels seeking unequivocal identification of the target. The new techniques to be proposed for investigative purposes have to be robust to pass the strict scrutiny at the court of law.
The dual use dilemma J. E. LEACH (1) (1) Colorado State University, Fort Collins, CO, U.S.A. Phytopathology 101:S217 Plant pathology is a critical component of the agricultural research that is necessary to ensure safe and secure food, fiber, feed and natural resources. The American Phytopathological Society promotes the distribution of that research widely through our publications and scientific meetings. However, some of the same research that promotes plant health to benefit the public could potentially be misused and directed for harmful purposes. Research yielding technologies or information with the potential for both benevolent and malevolent applications is referred to as "dual use research". More and more, researchers, publishers and regulators are challenged with the dilemma of how to distinguish and regulate dual use research in a way that beneficial research is not impeded. The accelerated pace of scientific discovery fueled by advances in high-throughput technologies, ready access of information through the internet, and increasing global collaborations increases these challenges. This presentation will discuss ethical, policy, regulatory issues APS and her members face with the dual use dilemma. Hawaii's evolutionary isolation and diverse physical environments led to more than 18,000 native species and the world's highest degree of endemism. The diversity of unique species that have evolved in the Hawaiian archipelago is virtually unparalleled. Equally unparalleled is the enormous vulnerability of these species to the effects of biological invasions. Hawaii is particularly at risk since it is a transportation hub, and as it continues to rely upon imports for most consumer goods. Two independent studies in the 1990s found that Hawaii had the nation's worst alien pest problem due to gaps in prevention, detection, and control programs, and concluded that many issues could be addressed through increased communication, cooperation, and public outreach. The Coordinating Group on Alien Pest Species (CGAPS) is a government/non-government partnership formed in 1995 to address these gaps and work on public awareness. Since that time, CGAPS has identified and is working to address the ten most important issues for optimal invasive species programs, and progress has been made. The arrival of the neotropical rust Puccinia psidii, and subsequent work to restrict the importation of its Myrtaceae plant family hosts, epitomize challenges of protecting Hawaii, in this case from arrival of potentially more virulent genetic strains of the pathogen that threaten the endemic forest tree 'ōhi'a, which comprises 80% of the native Hawaiian forest and is a critically important watershed tree.
The Developing Crisis, International Movement of Insects and Pathogens in Commercial Trade
Real and imagined problems in movement of plant pathogens in international seed trade R. L. DUNKLE (1) (1) American Seed Trade Association, Alexandria, VA, U.S.A. Phytopathology 101:S217
In the international market place seed is routinely moved among countries for the purposes of research and breeding, production of stock seed and seed increase (counter season production), and commercialization. Before seed is allowed entry into a given country, it must first meet the phytosanitary import requirements of that country. In the seed industry, re-export of seed from one country to another is a major issue; seed may pass through several countries before reaching its final destination. Phytosanitary measures for seed pests currently are not harmonized internationally, which results in significant trade disruptions. Of major concern are seed borne and seed transmitted pathogens. This presentation will discuss the international nature of the seed industry, current phytosanitary concerns of seeds, issues associated with seed as a potential pathway for the introduction of unwanted pathogens and other pests into new environments, and progress toward resolving phytosanitary trade barriers through the development of trade agreements and regional and international standards. Recent studies in North America and Europe have highlighted the mounting problem of importation of exotic forest pests in solid wood packing material (SWPM). With an increase in international shipping, there has been an increase in the detection and establishment of exotic phloem and wood boring insects in crating material, pallets, and dunnage. Establishment rates of forest defoliating and plant sucking insects have apparently leveled off in the U.S.A. with increased quarantine regulations and inspections of live plants. However, establishments of phloem-feeding bark beetles (Curculionidae: Scolytinae) and wood boring insects (especially scolytid ambrosia beetles) have increased in recent decades in the U.S.A. and Europe. China and other major exporting countries in Asia have become a major source for wood boring beetles, especially ambrosia beetles and cerambycids. The Asian longhorn beetle (a cerambycid) and the emerald ash borer (a buprestid) are noteworthy recent arrivals from Asia. Relative to the 'live plant' pathway, few exotic forest pathogens have been associated with SWPM, but they have had dramatic impact. The related Dutch elm disease and laurel wilt pathogens have exotic bark beetles and ambrosia beetles, respectively, as vectors. Introduction of Ceratocystis platani to Europe from the U.S.A. was likely facilitated by the boring frass of ambrosia beetles in SWPM. Insects and their fungi protected in wood used in commercial trade continue to be serious biosecurity threats. Numerous 'exotic' tree and plant pathogens have been arriving in Europe, North America and elsewhere, mainly as a consequence of increasing globalisation of trade in rooted plants and a serious flaw in international plant health (SPS) protocol. Unnamed organisms cannot be legislated against, yet up to 90% fungal pathogens in underexplored ecosystems may be unknown to science. In Europe the problem is compounded by a range of weaknesses in execution of plant health measures such as visual inspection of only ~2% of imports, infested but asymptomatic stock being given 'clean health' certificates, and failure of states to report new pests. Essentially, the European plant health system is overwhelmed and most UK trees, for example, must now be considered at high risk. Phytophthora ramorum, currently epidemic on oaks in the U.S. and on larch in the UK, is a symptom of these problems. The status quo is not an option: modernisation of global plant health protocol in line with the risk from unknown organisms is needed. Intensifying diagnosis at ports is unlikely to stem the tide. Options include shifting onus onto exporting countries; reducing high volume / high risk ornamental imports; importing only seed, small numbers of plants or tissue cultures under quarantine for local propagation under licence; certifying nursery stock as disease free at point of sale; and educating media, trade and public on the environmental costs and consequences of these damaging introductions.
Introductions of exotic insects and their associated pathogens in
Flaws in international protocols
Progress and pitfalls in developing policies for reducing risks of introductions of exotic forest insects and pathogens F. T. CAMPBELL (1) (1) The Nature Conservancy, Arlington, VA, U.S.A. Phytopathology 101:S218 Nearly 500 species of arthropods and pathogens have become established in North American forests. While the overall rate of introductions of forest pests has remained steady, detections of "high-impact" and wood-boring insects associated with wood packaging have increased significantly. The most promising remedy is to manage introductory pathways so as to minimize pest presence in the imported goods or packaging. The pace of applying this concept varies greatly among pathways. The first international application of this approach dealt with wood packaging. Unfortunately, it has reduced the insect approach rate far less than expected. Phytosanitary officials now need to identify and correct the problems. North America has made rapid progress on a second pathway -preventing Asian gypsy moths from laying eggs on ships. Trade in living plants has a long history of damaging introductions. Phytosanitary officials at the national, North American, and international levels have repeatedly endorsed replacing visual inspection at the border by "systems approaches". Nevertheless, most plants continue to enter the U.S. subject only to visual inspection. Inside the country, USDA APHIS is struggling with movement of pests in firewood and on nursery plants (e.g., Phytophthora ramorum). Stakeholders have formed the Continental Dialogue on Non-Native Forest Insects and Diseases to voice their concerns.
Digital Identification Tools: Their role in Biosecurity and Pest Management
Designing, developing, and delivering digital identification tools for plant protection and quarantine T. W. WALTERS (1) (1) USDA APHIS PPQ CPHST, Fort Collins, CO, U.S.A. Phytopathology 101:S218
The USDA-CPHST Identification Technology Program (ITP) supports Plant Protection & Quarantine (PPQ) in its efforts to prevent the entry into and establishment in the U.S. of invasive pests, diseases, and weeds by delivering digital identification tools and resources. Our challenge is to address new identification challenges and embrace advanced technologies in order to maximize identification capabilities within PPQ. Our clients are diverse-in their level of experience, educational background, as well as their detection and identification responsibilities. We thus strive to serve both a broad audience and to address specific current and future needs of our clientele. ITP continues to learn that our clients require rather unique and specialized tools to support their particular identification process. Therefore, the design, layout, and functionality of digital tools are based on the background knowledge obtained about the clients identification responsibilities, educational background, level of expertise, and level of reporting required by the client (actionable, non-actionable, detection, verification, etc.). The various types of digital tools and resources recently designed and delivered by ITP for meeting specialized client needs and those developed for broader groups of clientele will be summarized with respect to content, functionality, value, and usefulness for the end user. Guidelines for addressing the design and development for a requested identification tool will also be discussed.
The Pestnet diagnosis service in the South Pacific and Southeast Asia G. JACKSON (1) (1) Pestnet, Queens Park, NSW, AUSTRALIA Phytopathology 101:S218 Pestnet is a free advisory service that gives fast expert answers on all crop protection matters via email (pestnet@yahoogroups.com). This includes advice on pests and diseases and quarantine matters, plus regular updates on research. Pestnet addresses the constraints that are associated with sustaining agriculture and forestry-based livelihoods, particularly when pests and diseases abound and there is no advice readily available. There are five volunteer moderators in Australia, Fiji, New Zealand, Thailand and Uganda. The service is available for farmers, extension workers and crop protection specialists worldwide. There are now 1000 members, representing some 80 countries. Over 10 years, nearly 8000 messages have been exchanged, and many of the discussions have been summarised and placed on the Pestnet website (http://www.pestnet.org/).
The role of Q-Bank in supporting plant regulatory agencies
The rate of introduction and establishment of damaging plant pests and diseases has increased steadily over the last century as a result of expanding globalisation of trade in plant material, climate change, EU expansion, and by a recognised decline in the resources supporting plant health activities. Furthermore there is a constant decline in the number of taxonomic specialists in the different disciplines (mycology, bacteriology, etc.), capable of identifying plant pathogens (in particular new emerging diseases). Also other specialists in phytopathology and other fields which are vital for sustaining sound public policy on phytosanitary issues are threatened with extinction. These problems affect all members of the EU and other nations. In this context Q-bank has been developed (www.Q-bank.eu) and now consists of a dynamic open-access database of regulated plant pests and look-alikes, linked to curated and publicly accessible reference collections. It contains sequence and morphological data including photographs, nomenclatural and diagnostic data of specimens available in reference collections. DNA barcoding data of quarantine organisms generated in the EU project of QBOL (www.qbol.org) will be made available for Q-bank to support plant health diagnostics. Curators from many countries for the different groups have been appointed and links with other databases have been made; this in order to provide Qbank an international role in supporting plant health agencies.
PaDIL -A Virtual Diagnostic tool to assist in plant pest diagnostics K. L. WALKER (1) (1) Museum Victoria, Melbourne, AUSTRALIA Phytopathology 101:S218
Fundamental to minimising the risks of pests crossing national or internal borders is to be able to rapidly diagnose them accurately and efficiently. Activities aimed at lowering pest risks need to know what species they are dealing with but the majority of pests encountered are not local; and, there is a worldwide decline in the availability of diagnosticians and taxonomists for plant pests. To address some of these issues, PaDIL (http://www.padil.gov.au), a Virtual Diagnostic tool was developed to harvest reference specimens from recognised Museums and Herbaria around the world with the view to building a Virtual Pests collection. PADIL provides high quality, colour, diagnostic and symptom images (almost 40,000 images) and basic information for almost 2000 recognised plant pests species (i.e. taxonomy, distribution, hosts etc.). The interactive software allows users to Navigate and Explore the datasets and allows the user to create their own views/outputs to the results returned to their queries. PaDIL is freely accessibly, requires no software downloads and the images are free to use for non commercial use. The primary target audience of PaDIL is plant biosecurity diagnosticians with some level of experience; however, the image-based website can be easily used by specialists and non-technical users. PaDIL is an example of transitioning taxonomy from a Museum-based resource into an Information-based resource.
Leveraging digital resources and social networks for identification and extension education J. LAFOREST (1) (1) University of Georgia, Tifton, GA, U.S.A. Phytopathology 101:S219
A wide variety of digital resources provide new avenues in plant biosecurity to help identify suspect organisms and retrieve relevant biological information. While many of these resources can be effective as stand-alone products, integrating these resources into a suite of options can better target the commodity interest, geography, and role in plant biosecurity of a specific audience. Further benefit can also be leveraged from these resources by making the individual images, fact sheets and videos available for the development of additional education materials. Maximizing the potential impact that a resource can provide to the plant biosecurity community requires collaboration between resource builders to provide effective resource linkages and efficient sharing of materials while providing appropriate credit to developers and providers. Development of these programs requires interaction with extension educators to understand their preferred types of educational resources, how resources can be improved to be more effective and different ways the raw resource components could be utilized for their audiences. Social networking services are a key component in efficiently delivering news of a tool's existence, identifying potential partners for building new resources, determining appropriate outlets for distribution of the raw materials for use in related projects, and promoting collaboration to maximize the utility of all digital resources. The coconut rhinoceros beetle (CRB), Oryctes rhinoceros, a major pest of coconut palms, was first found on the Micronesian island of Guam in September, 2007, at the center of the Tumon Bay hotel district. Adult beetles damage and sometimes kill palms when they bore into crowns to feed on sap. Tree mortality exceeded 50% several years after CRB invaded the Palau Islands, which are also in Micronesia and this level of damage may occur on Guam without intervention. Coconut is not a major crop on Guam, but palms are valuable ornamental plants for Guam's hotel and tourist industry. Following a delimiting survey which indicated that the CRB population was localized along a five mile stretch of Guam's northwestern coast, an eradication project was initiated. Tactics include local quarantine, mass trapping, sanitation, detector dogs, chemical control, and biological control. A short history of the project will be presented followed by a discussion of successes and failures for each tactic. Beetles of the genera Papuana and Eucopidocaulus (Coleoptera: Scarabaeidae) are the most serious pest of taro Colocassia esculenta in Papua New Guinea, Solomon Islands, Vanuatu, Fiji and Kiribati and are a quarantine threat to the neighbouring Pacific island countries where taro and related aroids are important staples. The adult beetles feed on edible underground corms and often concealed feeding inside the corms. The beetles often breed outside the gardens and invade the plants soon after planting, often killing immature plants. At least two pest species co-exist in the same location or islands in the native fauna except for Fiji and Kiribati where single introduced species exists. These coexisting species rarely feed on the same host plants and breed in the same habitats. This makes it difficult to identify and develop generic control measures. Adult male beetles often remain in the gardens and continue feeding on the developing plants while the females tend to feed and then go back to the breeding sites for ovisposition. The adult beetles are sexually active in the first three months of their life span and therefore the females lay 70% of their eggs, while the remaining 30% is laid in the last 9 months. Adult beetles can live up to a year. In order to develop suitable control measures, the host preference and breeding habits of each species must be understood as measures developed for one species may not be effective against related species in areas where two species co-exist. Oil Palm (Elaeis guineensis) is native to West Africa but was introduced into Papua New Guinea (PNG) for commercial planting in 1967. It is now PNG's highest earning agricultural export, producing oils that are very widely used. Over 130,000ha are currently under oil palm with 12 processing mills supporting estates and 18,313 smallholder blocks (Dec 2009). PNG uniquely manufactures traceable, sustainable palm oil adhering to the Principles and Criteria of The Round Table for Sustainable Palm Oil (www.rspo.org) and is also ISO14001 accredited. The commercial life span of an oil palm is about 20 years. As with other monoculture crops, and introductions to PNG, oil palm is attacked by many invertebrate, vertebrate and fungal pest taxa. Principle pests are Orthoptera (Tettigoniidae), Coleoptera (Scarabaeidae & Curculionidae), Lepidoptera (Psychidae), and Muridae (Rodentia) with few attacks from birds (Aves). One taxon of fungi (Ganoderma boninense) has a devastating effect on oil palm productivity. The management of pests is focussed on the principles of Integrated Pest Management, where chemical intervention is only used when populations reach threatening levels. At this stage supervised targeted trunk injection (TTI), using a systemic insecticide, is undertaken. Failure to treat pests in a timely manner can cause large financial losses due to reduced production which can take years to recuperate. , >500 kg of fruit were collected annually from around Tahiti, and stored in boxes to obtain pupae from which fruit flies or parasitoids will emerge. Over the monitoring period, the rate of Fopius emergence increased from 1.5% in 2003 to reach 61.5% in 2009. A similar tendency, but less pronounced, was observed for the second parasitoid, with parasitism rising from 0.5% in 2008 to 3.5% in 2009. Concurrently, there is a decrease of the rate of emergence for the three fruit flies species: from 65.6 to 27.1% for B. dorsalis, from 28.8 to 7.7% for B. tryoni and 4.2 to 0.4% for B. kirki. Introduction of F. arisanus has had a highly positive impact, higher than of D. longicaudata, on the suppression of fruit fly populations in Tahiti. A rearing for Fopius has been set up locally with the aim of releasing more parasitoids in the French Polynesia outer islands infested by fruit flies and consequently reduce damage to the fruit. Host selection and utilisation of susceptible host fruits by tropical fruit flies (Bactrocera species) can vary between different varieties of the same fruit type. Factors influencing host selection behaviour may include host cues such as colour, shape and size, smell and pericarp thickness. This laboratory study investigated the host selection and utilisation behaviour of Bactrocera musae (banana fly) on the species' major host, banana. Adult survival and fruit characteristics (pericarp thickness and toughness, pulp thickness, colour and sugar content) in two commercial banana varieties (Cavendish and Ladyfinger) were measured. Results show that the two banana varieties used are poor hosts of banana fly. Direct observation in choice tests showed flies did move between fingers within a cage but very few attempted to oviposit. In no-choice tests there was no significant effect of banana variety on adult emergence. Across both varieties fewer flies were bred from colour-break than from ripe fruit. Green fruit was intermediate between the other two. Larval performance in ripe and colour-break fruit was significantly better than from green fruit. Studies on a larger number of varieties in the laboratory and field are required to better understand banana fly host use patterns.
IPM and Biological Control of Insect
Pests of Oil palm in Papua New
Host preferences by
The role of insect pathogens in managing pests in the Pacific islands T. A. JACKSON (1) (1) AgResearch, Lincoln, NEW ZEALAND Phytopathology 101:S220
Cropping systems in the Pacific are under increasing threat from both endemic and invasive pests and face the challenge of pest control without affecting human health or the island environments. Soil dwelling and concealed pests have proven particularly difficult to control. Microbial pathogens are an often overlooked resource and are able to provide specific pest control for this group of pests in an environmentally sensitive manner. The success of microbial control in the Pacific was demonstrated by the impact of Oryctes virus (OrV) release on invasive populations of the rhinoceros beetle (Oryctes rhinoceros) in the South Pacific islands where highly damaging populations were brought under control in the 1970s. A resurgence of rhinoceros beetle in some areas suggests that virus control needs re-evaluation and renovation. Control of other serious pests has also been proven with pathogens. Taro beetles, Papuana spp. are endemic to the western Pacific but have also invaded island states of the central Pacific. They are subject to a range of pathogens in their endemic areas and a fungus Metarhizium anisopliae has been selected as an effective control agent. The fungus has been applied to give successful control of the pest either as a microbial pesticide in its own right or in combination with low toxicity insecticides for use in IPM. While biocontrol can be achieved with pathogens there is a need for high quality inocula, methods for production and monitoring within the island states. Blast disease has emerged as a serious field disease threatening wheat production. The causal agent of wheat blast, Magnaporthe oryzae, infects cultivated crops, while M. grisea infects wild grasses. Cellular defence responses and transcriptional changes of wheat infected with adapted and nonadapted isolates of Magnaporthe spp. were investigated. Appositions formed beneath attempted penetration sites appeared to prevent colonisation by the non-adapted M. grisea isolate, but were breached by the adapted M. oryzae isolates. Microarray analysis indicated that wheat undergoes extensive transcriptome reprogramming following inoculation with both adapted and non-adapted isolates of Magnaporthe spp. A distinct set of transcripts were induced exclusively in response to the non-adapted M. grisea isolate, while others were induced in response to both adapted and non-adapted isolates. Transcripts induced in common by adapted and non-adapted isolates were differentially regulated in response to M. oryzae and M. grisea isolates over time. Functional analysis of one of these transcripts, WIR1, increased cell-tocell spread of M. oryzae hyphae, but not penetration efficiency, suggesting a post-penetration resistance role for this gene. This study provides an insight into the development of Magnaporthe spp. on wheat, together with functional characterisation of transcripts differentially expressed during adapted and nonadapted Magnaporthe spp.-wheat interactions. Magnaporthe oryzae is the causal agent of blast on several graminaceous plants. The M. oryzae population causing wheat blast has not been found outside South America. U.S. wheat production is at risk to this pathogen if introduced and established. Proactive testing of U.S. wheat cultivars for their reaction to blast and identification of resistance resources is crucial due to the national and global importance of the U.S. wheat industry. In this study, the phenotypic reaction of 72 U.S. wheat cultivars to M. oryzae was determined. Testing of cultivars was performed in a biosecurity level-3 laboratory; all inoculations used the T-25 isolate. Visual assessment of the percentage-killed spikelets or leaf area affected by blast was recorded. To determine if seedling and adult plant severity were correlated, 12 wheat cultivars showing different levels of reaction to blast were inoculated at the head and seedling stage. There was a significant correlation in the reaction to blast at both stages; however, a maximum of 64% of the seedling reactions was explained by the head reactions. Therefore, testing of all 72 cultivars occurred at the head stage. Among cultivars tested at least twice, a continuum in severity to head blast was observed. Cultivars Everest and Karl 92 were highly susceptible with more than 90% disease severity. Cultivar Jagalene was highly resistant with less than 1% severity, as were cultivars Postrock, Overley, Jagger, Jackpot, and Santa Fe with less than 2.5% severity.
Wheat Blast-A Potential Threat to Global Wheat Production
Resistance among U.S. wheat (Triticum
An international perspective on wheat blast E. DUVEILLER (1), D. Hodson (2), K. Sonder (1), A. von Tiedemann (3) (1) CIMMYT, Mexico D.F., MEXICO; (2) Food and Agriculture Organization, Rome, ITALY; (3) Georg-August-University of Göttingen, Göttingen, GERMANY Phytopathology 101:S220 Wheat blast caused by Magnaporthe grisea has been recorded in Brazil since the mid 1980s and occurs in parts of Bolivia, Paraguay and Argentina. It can account for 10 to 100% crop losses. Control of the disease is limited by lack of effective fungicide spray schemes and resistant varieties. A climate similarity approach was used to estimate the risk of wheat blast in other continents. Climatic similarity was derived from the Worldclim database considering the coolest quarter in which wheat is grown in warmer wheat areas, while similarity comparisons with the areas of cultivation in the northern hemisphere were drawn from the warmest quarter of the year. The preliminary analysis revealed areas of risk in parts of Central India, Bangladesh and Ethiopia. Similarity was also identified with areas in the northern hemisphere, Eurasia and North America. However a study using the Homologue software package showed that northern Eurasia and America did not match a year-round climate comparison with areas in South America where wheat blast occurs. Yet a few areas at the border of wheat growing regions in the Indian sub-continent and parts of Africa show a 40-60% similarity with affected areas in South America underlining that risk of wheat blast pathogen survival exists. From the limited knowledge available the survival of wheat blast pathogen in the cool or cold season is unlikely, diminishing the current risk of wheat blast in the northern hemispheric wheat production zones.
A "de novo" origin for the wheat-adapted populations of Magnaporthe oryzae in Southern Brazil and levels of gene flow 20 years after the first epidemics Divergent lineages of parasites can arise through ecological adaptations. For fungal plant parasites, these ecological adaptations include host shifts or changes in pathogenicity. We compared patterns of genetic differentiation between sympatric and allopatric populations of Magnaporthe oryzae causing blast on rice (Oryza sp.) worldwide and on wheat (Triticum sp.) in Southern Brazil. The primary question was whether wheat and rice support specialized and genetically isolated pathogen populations of the blast pathogen. We also asked what were the current levels of gene flow among geographically distinct wheat-infecting populations across Brazil, based on 12 microsatellite loci. Levels of gene flow between these two host-specific populations were consistent with high population differentiation. Very low historical migration was found between rice-and wheat-infecting populations of M. oryzae. However, no subdivision was observed among the wheat-infecting populations. None of the wheat-infecting isolates harbored a functional AVRPita, commonly present in rice-infecting isolates. Most of the wheat-infecting isolates carried AVR1-CO39, which is consistent with avirulence on Oryza sp. Although the two mating type idiomorphs were detected in few of the Brazilian wheat-infecting populations, MAT-1-1 predominated. We propose that the Brazilian wheat-infecting population was derived "de novo" from an unknown Poaceae-infecting M. oryzae population rather than originating from the rice-infecting population.
Risk mapping wheat blast potential in Brazil J. C. FERNANDES (1), W. Pavan (2) (1) Embrapa, Passo Fundo, BRAZIL; (2) University of Passo Fundo, Passo Fundo, BRAZIL Phytopathology 101:S221 Wheat blast caused by Magnaporthe grisea was first reported in 1985 in the state of Paraná and rapidly spread to sub-tropical wheat growing regions of Brazil, Paraguay and Bolivia. It has become a major wheat pathogen in this region. Warm temperatures and high humidity favors disease development. The pathogen infects all above-ground parts of the wheat plant, but spike infection is the main concern. The damage potential is high and can account for 10 to 100% crop losses. Control of the disease is limited by lack of effective fungicide spray schemes and resistant varieties. The pathogen might have evolved from M. oryzae isolates from other plant species, but its origin is unknown. The origin of wheat blast epidemics has been elusive, even though evidence shows it is a residue-borne disease. The association of M. grisea with grasses provides further evidence for the environmental origin of wheat blast epidemics, as well as an explanation for the sporadic and erratic occurrence of outbreaks. Continued global warming is likely to exacerbate plant diseases problems. Therefore, efforts need to be made for better understanding the potential geographical limits of new diseases like wheat blast. In absence of large amount of quantitative data exploratory simulation models can be used for risk evaluation. A wheat blast simulation model was developed. Model output was used for producing risk maps for a large geographical region. Fusarium head blight (FHB) is a serious yield-limiting and toxin-producing disease of wheat, which is highly variable in time and space. Empirical quantification of the variation in FHB in relation to climate and weather variation will aid in the advancement of disease forecasting. Three analytical approaches were used to address this heterogeneity. First, window-pane analysis was used to investigate the FHB-weather-climate relationship across multiple years and regions in the U.S. and Europe. Moisture-or wetnessrelated variables (e.g., daily relative humidity) were found to be positively correlated with FHB intensity in the U.S., and with disease and/or toxin levels in Europe for multiple window lengths and starting times. Second, crossspectral analysis was used to show coherency between inter-annual variation in FHB from two locations in the U.S. and global climatic patterns, such as the El Niño-Southern Oscillation. There were significant coherencies at one or more inter-annual time scales (i.e., periods), with the climatic indices for winter or spring leading the FHB series by 2 to 9 years. Third, results from a novel spatial analysis of survey data using generalized linear mixed models confirmed that FHB incidence is also heterogeneous on multiple spatial scales, with variation larger at the county or field scale relative to the withinfield (sampling-unit) scale. This likely resulted, in part, from environmental variation among counties and fields.
Epidemiology/Ecology/Environmental
Spatial distribution of brown rot symptoms and fine-scale genetic structure of populations of Monilinia spp. within and among stone fruit tree canopies S. E. EVERHART (1), A. Askew (1), L. Seymour (1), I. J. Holb (2), H. Scherm (1) (1) University of Georgia, Athens, GA, U.S.A.; (2) Center for Agricultural Sciences, University of Debrecen, and Plant Protection Institute, Hungarian Academy of Sciences, Debrecen and Budapest, HUNGARY Phytopathology 101:S221 Spatial patterns and dynamics of plant disease and pathogen populations can provide important insights into epidemiological processes such as sources of inoculum, mechanisms of inoculum dissemination, and reproductive strategies of the pathogen population. For brown rot of pome and stone fruits, caused by Monilinia spp., the spatial arrangement of infected trees in the orchard has been examined, but spatial patterns of and relationships among different symptom types (such as blighted blossoms, shoot blight, and twig cankers) within individual trees have not been analyzed previously. We mapped coordinates of all brown rot symptom types caused by Monilinia laxa in eight individual sour cherry tree canopies using a magnetic digitizer. Threedimensional nearest-neighbor analysis showed that symptomatic canopy elements were significantly aggregated compared with complete spatial randomness in each case, but there was no evidence that one symptom type was more aggregated than another. Pairwise association analyses showed that nearly all trees had significant spatial associations between one or more symptom types and that previous year's twig cankers may play an important role in affecting the spatial pattern of current year's symptoms. Second-order spatial statistical analyses are being developed for more detailed quantitative assessment of patterns of diseased elements and of fine-scale genetic structure of the pathogen population within the tree canopy. In 2008, research was initiated to examine effects of temperature (T) and wetness duration (WD) on the sporulation rate of Phomopsis viticola on infected grape canes and to determine effects of interrupted wetness duration (IWD) on sporulation (S). To determine effects of T and WD on S, a split-plot design was used, with T (5, 12, 15, 18, 20, 22, 25, 28, and 35°C) as the wholeplot and WD (11, 23, 35, 47 , and 71 h) as the sub-plot. Linear and nonlinear models were fit to the data. Goodness of fit was based on residuals, (pseudo-)R 2 , -2 log likelihood, parameter effects nonlinearity, correlation of parameter estimates, and other statistics. Lower and upper limits of S were found to be 5 and 35ºC, respectively. Optimum S was near 22ºC, and S increased with increasing WD. Of the examined models, Analytis' Beta model fit the data best. To determine effects of wetness interruption, a split-plot was used, with T (12, 15, and 20°C) as the whole-plot and IWD (0, 2, 4, 8, 12 , and 24 h) as the sub-plot. Generally, S declined with increasing IWD. An IWD of 12 h or more typically resulted in significantly less S compared to the control (0 h IWD). Using a repeated-measures design, spore density and environmental data were measured in the vineyard during and following individual rain events; preliminary results show that the developed model can predict the temporal trend in spore density in the vineyard fairly well, although absolute magnitude of sporulation cannot be predicted. PPV has not yet been eradicated there. The U.S. and Canadian eradication programs differ in a number of key regulatory features, including no. leaves collected per tree, ELISA test kit used, and tree removal protocols. The objective of this research, therefore, was to quantify the effects of the Canadian and U.S. eradication programs on the PPV epidemics at several spatial scales. Spatial dependence ranged from 0.7 to 4.3 km for PPVpositive blocks in PA, while in ON spatial dependence ranged from 1 to 25 km. The agreement between the U.S. and Canadian ELISA kits was significant at the leaf and scaffold scale, but not significant at the tree scale. A simulation model was developed to compare the detection efficiency of the U.S. and Canadian sampling protocols. Stratified sampling by scaffold did not significantly (P < 0.05) improve detection efficiency compared to a random sampling design. Finally, sample sizes requiring only one PPV-positive leaf per bulk sample were optimal. The data generated in this study should help to improve the sampling and detection efficiencies for PPV eradication programs in both countries.
Effects of temperature and wetness duration on the sporulation rate of
International Mycotoxin Issues in a Changing World
Potential strategies for preventing recurrent aflatoxicosis outbreaks in Kenya H. K. NGUGI (1), C. K. Mutegi (2) (1) Department of Plant Pathology, Pennsylvania State University, Biglerville, PA, U.S.A.; (2) Kenya Agricultural Research Institute, Nairobi, KENYA Phytopathology 101:S222 Recurrent outbreaks of aflatoxicosis in Kenya underscore the need for proactive preventive strategies. However, the incidence of contamination and levels of aflatoxin in food commodities can vary tremendously, and staple foods in Kenya are mostly homegrown or traded in informal markets, which hinders effective monitoring. Working with peanuts, we have identified factors associated with the risk of contamination. The incidence of peanut contamination was significantly associated with the agro-ecological zones predominant in the district of sample origin (χ 2 = 9.18; P = 0.002), and whether the peanut cultivars were improved or local landraces (χ 2 = 4.27; P = 0.039). Microbial analysis revealed that contamination with Aspergillus flavus S-strain was the most important factor determining the likelihood of a sample exceeding Kenya's aflatoxin regulatory limit of 10 µg/kg (P < 0.001). Membership to Producer Marketing Groups (χ 2 = 6.01; P = 0.014), which train farmers on tactics that reduce aflatoxin contamination, and grading peanuts (χ 2 = 4.75; P = 0.029) were negatively associated with the incidence of samples contaminated with A. flavus S-strain. Crop rotation was correlated with reduced incidence of the B but not the G aflatoxins while cultivar improvement was negatively correlated with the incidence of the G aflatoxins. Identifying ecological, agronomical and/or socio-cultural factors linked to maize contamination will enable development of strategies to reduce the risk of aflatoxicosis. Predictive models are frequently cited as aids for making plant disease management decisions. However, such systems may not be implemented due to their dependence on unreliable or limited weather forecasts. Alternatively, a Risk Index approach overcomes some of these limitations and can account for other factors that contribute to disease development. Such a risk index has been developed for aflatoxin contamination in peanuts. This risk index accumulates values as the season progresses and greater values reflect a higher probability of aflatoxin contamination. Risk factors include nematode and insect pests of peanut, insufficient soil calcium, and, most critically, hot and dry conditions prior to harvest which accounts for 50 points of the 120 maximum in this index. Over several growing seasons, aflatoxin contamination of peanuts has been monitored in growers' fields across Alabama. Sums of risk values have ranged from 20 to 92. Peanuts from fields with index values < 50 (n = 59) had a 97% probability of having low aflatoxin contamination (< 20 ppb) while those from fields with index values > 74 (n = 15) had a 66% probability of high contamination (> 20 ppb). This approach is simplistic but readily implemented; it is also imperfect. In general, little can be done to manage aflatoxins in rainfed peanuts; however, implementation of this risk index might affect harvest decisions.
Evaluating human exposure to fumonisins in Guatemala and its possible role as a contributing factor to neural tube defects J. Gelineau van Waes (1) Fumonisin (FB) is an inhibitor of sphingolipid (SL) biosynthesis and folate transport and can induce neural tube defects (NTD) in mice. NTD incidence is high in countries where maize is a dietary staple and FB exposure is likely. In Guatemala FB in maize has been documented and a preliminary exposure assessment has been conducted. Research in Guatemala has identified communities where FB in maize is frequently high and exposure confirmed in preliminary studies using urinary FB as an exposure marker. Currently we are evaluating information from studies in humans and animals to assess and validate the use of SL and FB biomarkers in women known to consume large amounts of maize potentially contaminated with FB in Guatemala. The project is analyzing for FB in maize samples from local markets and collecting urine and blood spots to validate biomarkers in the high and low exposure communities. The protocols for the human studies are IRB approved. In addition to the human studies, studies in mice will determine the doseresponse relationships in urinary FB and SL metabolites and genetic markers in blood spots that correlate with increased risk for NTDs in mice. The information from the proposed studies will form the basis for the design of prospective and retrospective epidemiological studies to identify women at high risk for NTD Samples of various commodities were collected from various countries throughout the world including North America, South America, Northern, Central and Southern Europe, The Middle East, Northern, Southeastern and Southern Asia and Oceania. A total of 6076 samples including corn (maize), soybean meal, wheat/bran, corn gluten meal, rice/bran, distiller's dried grain with solubles, prepared feed, straw, silage and barley. These samples were analyzed for aflatoxins, zearalenone, deoxynivalenol, fumonisins, and ochratoxin A using either HPLC or ELISA tests (USA and Europe only) at laboratories including Romer Labs Singapore, Romer Labs Austria, Romer Labs USA and Simitec Brazil. The global occurrence of mycotoxins for the 2 years established that aflatoxins were found from a relatively low (8%) number of samples in North and Central Europe while considerably higher percentages were found in Southern Europe and Asia, especially in the southern parts of the latter. Generally, all of the mycotoxins were found in a higher percentage of samples in all of Asia than in Europe, Middle East, North and South America and Oceania. Globally, deoxynivalenol and fumonisins were the most frequently found mycotoxins from the 2-year study of all commodities analyzed. Country versus mycotoxin, commodity versus mycotoxin and overall worldwide distribution of these mycotoxins (including co-occurrence) will be discussed.
Pathogenesis by mycotoxigenic fungi: The tipping points G. A. PAYNE (1) (1) North Carolina State University, Raleigh, NC, U.S.A. Phytopathology 101:S222
Increased climate variability associated with climate change is predicted to increase the magnitude and distribution of pre-harvest contamination with mycotoxins. Mycotoxin contamination of developing grain is highly dependent of environmental conditions. As an example, the major factors contributing to high concentrations of aflatoxins are high temperatures and drought stress. These conditions directly affect the fungus and the plant. High temperatures and dry conditions favor growth, conidiation, and dispersal of Aspergillus flavus and impair growth, development, and the expression of resistance in maize. In addition, these conditions appear to impact the population structure of the fungus. Less clear is the effect climate change may have on the production of other secondary metabolites, many of which have not been characterized and some of which may be toxic. Aflatoxin has 55 predicted clusters for secondary metabolism, each of which likely produces multiple toxins that have not been described. A transcriptional analysis of these clusters showed some to follow the pattern of aflatoxin biosynthesis, Plant diseases matter because they cause crop losses, which in turn impact on (agro)systems performances, sustainability, natural resources, societies, and even sometimes History. First comes the 'untaken harvest': the gap between the actually harvested yield and the yield that would be attainable in absence of disease injury. Crop loss estimates allow, on principle, to generate objective estimates of the contribution of plant diseases to food insecurity. We shall present some estimates at a global scale, bearing in mind that (1) yield loss assessment entails ground-truth that is exceedingly difficult to acquire, and (2) extrapolation hypotheses. We also care about crop loss because plant diseases do not only reduce yields, but also affect the quality of agricultural products. This is particularly the case for fungal mycotoxins, which have attracted too little attention until recently, especially in the developing world. A third element is the 'double penalty' associated with crop losses: each harvest unit lost to disease entails corresponding losses of energy, labor, water, and more generally, natural resources invested in the crop, thus affecting the sustainability of agrosystems. Lastly, plant disease epidemics have had documented effects on societies and History, which will be exemplified from recent literature. The quantification of crop loss to plant diseases, their analysis, and the interpretation of their consequences involve multidisciplinary insights. It is well known that diseases can greatly affect plant productivity, both directly and indirectly. However, assessing crop loss is not a trivial undertaking. Crop loss assessment can use many different approaches. The key to obtaining reliable information is recognizing that the data to be collected should reflect a realistic range of disease levels that will occur and represent the expected host-pathogen interaction in the defined area of interest. In this talk, we will discuss and illustrate the use of different approaches for assessing crop loss. Examples will be shown from experimentally designed studies to surveys and expert opinion. These examples will also highlight different approaches to use for sampling for diseases in relation to crop loss. Lastly, we will also discuss the conceptual design of a study that is examining the effect of multiple foliar diseases (northern corn leaf blight and gray leaf spot) of corn with resistant hybrids and foliar fungicides to improve our ability to understand the potential for crop loss as well as disease thresholds for use of different management tools. Many plant diseases cause losses far beyond simple reductions of yield. Depending upon the crop and markets involved, indirect and downstream effects of plant diseases on crop quality can dwarf potential reductions in the harvested quantity of a crop. Utilizing potential crop loss estimates to justify personnel requests, our careers, grant proposals and our daily activities in plant pathology, necessitates accurate and complete understanding of the nature and degree of losses that can be attributed to plant pathogens. This presentation is not intended to be enclycopedic, but rather a thought provoking and selectively illustrated consideration of the multidimensional aspects of loss. Real world examples will be drawn from many crops showing how costs of control programs, quality reductions, product recalls, loss of value-added products, risk averse and panic behavior, lawsuits, and crop seizure and quarantine can be quantitatively and qualitatively considered as losses attributable to plant pathogens. The full hierarchy of loss assessment will be considered, from simple comparisons of yield between treated plots and controls, to more comprehensive assessments akin to calculation of systemwide indirect costs. Detailed case studies of loss due to grapevine powdery mildew (Erysiphe necator) and mycotoxin-producing Fusarium spp. in grains will be presented. Crop losses caused by pests have particularly important consequences in highly populated areas. This is because of their impact on food security, the large population affected, and difficulty in implementing mechanisms for dealing with food shortage. This presentation will focus on South and SouthEast Asia and rice, which is the major staple food in this region. Approaches to estimate crop losses due to rice pests at the regional scale will be described and applied to determine the relative importance of rice pests in terms of crop losses, depending on the biophysical and socio-economic context of production. Pest management strategies derived from these findings will be discussed. Perspectives related to opportunities and bottlenecks in assessing crop losses and the use of crop loss information will be discussed in terms of science, technology, and socio-economic environments. Plant diseases were first studied because of a need to understand yield losses associated with them. There was a need to know the impact on crops due to the fear of not providing ample quantities of food to feed the population. Although this was a worldwide phenomenon, it was certainly true in the developing years of the U.S. In more modern times the fear of providing enough food to the U.S. population has lessened but the need to understand yield losses is just as important as ever. How are we to determine research and extension priorities or how much to spend on them when we do not have reliable yield loss data? How do government authorities determine strategies for storage, movement of excesses in one area to areas of production shortfalls and use when we do not have reliable yield loss data to determine areas of need? How do governments and industries determine import and export needs without reliable yield loss data? There are many great examples of yield loss measurements in the U.S. for priority determination but as a whole we lack a concerted effort to have more than the "educated guess." The loss assessment area is wide open for plant pathologists and the need for this information is growing.
Crop losses in highly populated
Impact of crop loss in the United
IPM/Biocontrol/Plant Disease Management Better Use of Entomopathogenic Microbes in IPM
A bioprotection strategy for greater integration of beneficial microbes into IPM T. A. JACKSON (1) (1) AgResearch, Lincoln, NEW ZEALAND Phytopathology 101:S223 Microbial pathogens and antagonists (MPA) are an often overlooked component of pest management for integration into IPM. Under a bioprotection strategy, which aims to maximise the impacts of biological control, MPA take a greater role. MPA in situ are an important component of conservation biological control as they undermine pest population vigour. In situations where MPA populations are low, they can be added to establish in the pest's environment and initiate epizootics of disease to prevent pest build up, and finally, where high, healthy pest populations are out of control, MPA can provide a curative effect when applied as microbial biopesticides to rapidly reduce pest attack. Successful implementation of bioprotection relies on new tools for determining pest health status and predicting pest outbreaks, which can be provided by molecular biology and population modelling. Examples will be given from pasture, plantation and field crops where bacterial, fungal and viral agents have been used. By placing emphasis on the microbial component in pest management, bioprotection leads to enhanced IPM. White muscardine caused by Beauveria bassiana is an important limiting factor of sericulture. 124 B. bassiana isolates were collected from silkworm cadavers, rearing rooms and appliances, surrounding mulberry orchards, pine plantations and cropland in Qianshan, Southwest Anhui Province and Jingxian, South Anhui, China. Together with the mass production strain, the isolates were analyzed for population genetic structure by ISSR markers to trace the origin and spreading track of the muscardine. The results showed that the two populations were heterogenic. The muscardine subpopulation of Qishan was polyphyletic, while those of Jingxian were monophyletic. The later and the predominant subpopulation of the former were characterized typically by enzootic natures, but the non predominant muscardine subpopulation of Qianshan might be able to spread among some field alternate hosts. The groups prevailing in pine caterpillar populations surrounding pine plantations, the production strain was not associated to the silkworm muscardine. A bioassay revealed that LC25, LD25 and LT50 caused by the isolate from infected pine caterpillars were 1327, 1378 and 1.5 times, as high as a typical pathogenic isolate from silkworms, respectively. Based on obvious host specificity of the isolates from the caterpillars, the use of B. bassiana insecticide developed from these isolates against the caterpillars is comparatively safe to sericulture.
Release of
Microbial control in Brazil
The development of microbial agents to control insect pests in Brazil has resulted in significant programs since 1964, leading to their wide use in the country especially entomopathogenic fungi, mainly Metarhizium anisopliae applied against sugar cane pests, although research with fungi started as early as 1923. Bacteria, mainly Bacillus thuringiensis have been available since the earliest 70's, based on imported products but more recently a few private Brazilian companies have developed commercial Bt formulations either for agricultural pests or vectors of human diseases, such as dengue. The main activities with nematodes have been initiated recently, as far as commercial production to control insects in sugar cane, coffee as well as protected crops. Regarding viruses, great achievements were obtained with the Nucleopolyhedrovirus of the velvet bean caterpillar Anticarsia gemmatalis (AgMNPV) in soybean. Details of this program will be discussed as a case study, since this biological product was used in about 2,000,000 hectares annually, but because of inappropriate pest control changes and non-use of recommended IPM approaches, its yearly use was reduced to about 300,000 ha. For each microbial agent a proper use will depend on its characteristics, but each of these agents will depend on proper pest monitoring and deployment of IPM practices at the extension officer and grower levels. Resistance to chemical insecticides led to a crisis in Australian broadacre cropping in the late 1990s. This in turn led to the adoption of an integrated management strategy across mainstream cotton and grain industries, which included the use of biopesticides. Biopesticides based on Nucleopolyhedrovirus (NPVs) have efficacy against insecticide resistant Helicoverpa spp. and low impact on natural enemies. They are widely to manage Heliothine pests specifically to manage insecticide resistance and to reduce further pest outbreaks by maintaining beneficial insects. A number of commercial NPV biopesticides are now registered. High quality, product availability and viable pricing created a successful market in a broad range of commercial crops including sorghum, cotton, sweetcorn and lettuce. Further research in targeting, timing and formulation led to improved field efficacy. In grain sorghum, 95% of the national sprayed crop area is treated with NPV biopesticides. The success of NPVs has increased grower confidence in biopesticides as part of an integrated strategy and led to a demand for similar 'soft' options against emerging sucking pests. Continuing research has resulted in development of prototype commercial insecticides based on fungal pathogens against a broad range of pests.
Making use of microbes in pasture bioprotection S. M. ZYDENBOS (1), T. A. Jackson (2) (1) AgResearch, Christchurch, NEW ZEALAND; (2) AgResearch, Lincoln, NEW ZEALAND Phytopathology 101:S224 Pastures in New Zealand have traditionally been managed as low-input systems, with minimal use of chemical pesticides for insect control. Pest management has relied on developing resilient pasture swards and applying cultural controls, such as mob-stocking with grazing animals, rotation of pasture species with cultivated forage crops and breeding insect-tolerant pasture plants. Recent intensification of pastoral farming has required additional tools, such as microbial pest control agents. The most well-known of these is Serratia entomophila, a bacterium that causes disease in the New Zealand grass grub (Costelytra zealandica). In situ management practices, such as minimising cultivation, have been used to maintain levels of this microbe in pasture. In addition, it has been developed as a biopesticide for inundative control, firstly as a liquid formulation (Invade®) and more recently as a drillable granule (Bioshield™). Threshold populations of larvae and pheromone traps to detect beetles are tools that are being developed for integrated management of grass grub. Currently other microbes are being tested as biopesticides for other pasture pests, such as Yersinia entomophaga against Wiseana spp. and Beauveria brongniartii against Pyronota spp. The development of biopesticides based on entomopathogenic organisms was spearheaded in Africa by the LUBILOSA project, which successfully developed a selected strain of Metarhizium anisopliae into a commercially viable product, Green Muscle™, used for the control of hopper bands of locusts and sahelian grasshoppers. Spin off research from this project included the search for novel entomopathogenic organisms against the variegated grasshopper Zonocerus variegatus, diamondback moth Plutella xylostella, and termites. Also, the synergistic effects of low doses of conventional insecticides sprayed together with biopesticides were assessed in the context of an IPM approach. At the same time, an ecological model used to investigate the interactions between Green Muscle™ and predation revealed that hoppers treated with biopesticides get slower with time and become easy prey for birds. Collaborative studies with icipe and AVRDC have investigated the possibility of developing biopesticides against flower thrips and the pod borer Maruca vitrata, two key cowpea pests in Africa. A strain of M. anisopliae is currently being commercialized against flower thrips in East Africa, while the Maruca vitrata Multiple Nucleopolyhedrovirus (MaviMNPV) is being developed into a commercially available biopesticide in Taiwan. Again, the action of these entomopatogenic organisms is combined with other biopesticides (e.g. neem oil) to obtain a broader control of cowpea pests in a sustainable management approach. Most farmers in Indonesia are low income farmers with very limited land ownership. This is especially true for those that produce vegetable crops. The main obstacle in their farming is the shortage of funds. However, when pest problems occur, they continue to use high amounts of expensive chemical pesticides. A wide variety of insect pathogens are available in Indonesia that can serve as effective alternatives to pesticides. A nucleopolyhedrovirus has been used successfully to control Spodoptera exigua in shallot plantations in Central Java. Other examples include the use of Beauveria bassiana to control Helopeltis spp. on cocao, Metarhizium anisopliae and a nonoccluded Baculovirus to control Oryctes rhinoceros, a nematode, Steinernema sp. to control thrips on chili pepper, and a micropsoridian, Nosema sp., to control locusts. As part of the IPM CRSP Project in Indonesia, Bogor Agricultural University and Clemson University have collaboratedon research to develop microbial agents for use in IPM programs. Through workshops and farmer field schools this microbial control technology has been disseminated to several regions of Indonesia. This has led to the establishment of farmer groups which have set up Biological Control Posts. These posts have become centers for training and dissemination of microbial control technology. They have also become centers for local production of microbial agents that are used by group members and also sold to other farmers in the area. A major constraint to the use of insect viruses in biological control of insects is that viruses are quickly broken down by sunlight. In order to identify materials that might protect the breakdown of the nucleopolyhedrovirus (SeMNPV) of the beet armyworm (Spodoptera exigua) (Lepidoptera: Noctuidae), we tested 67 plant extracts in the laboratory using a chamber with lights that produce both ultraviolet B (280-320 nm) and ultraviolet A (320-400) wavelengths. The criterion used to determine if a plant extract was effective was when 1% of the extract provided at least 90% mortality of 3rd stage beet armyworm larvae. Only Kudzu, Peppermint, Skullcap and Thyme provided over 90% mortality in laboratory using the UV chamber. Of these, only Kudzu provided 100% mortality and subsequent field tests were carried out in collard fields using Kudzu plus SeMNPV plus cottonseed oil, SeMNPV alone, SeNPV plus cottonseed oil. At the end of 7 days, SeMNPV alone caused only 4.5% beet armyworm larvae mortality while SeMNPV plus Kudzu increased the mortality at 7 days to 24%. The addition of cottonseed oil to Kudzu and SeMNPV provided 44% mortality. In conclusion, in the field, the oil plus SeMNPV provided no better protection from breakdown than Kudzu alone. The addition of cottonseed oil to Kudzu also significantly increased the efficacy of the virus over Kudzu alone in field tests.
Plant extracts protect the
Microbial control in IPM programs for vegetable crops G. R. CARNER (1) (1) Clemson University, Clemson, SC, U.S.A. Phytopathology 101:S225
In recent years, there has been a resurgence of interest in the use of microbial agents for managing populations of arthropod pests, especially with vegetable crops. In countries such as the U.S., these commercially available microbial agents are generally more expensive than the chemical insecticides that they are replacing. In developing countries, the opposite is generally true. Production of microbial insecticides is a labor intensive process, and labor costs are much lower in developing countries. Chemical pesticides usually must be imported, and are generally more expensive than locally produced microbial agents. In the Philippines, Indonesia, and Cambodia, where the Southeast Asia Regional IPM CRSP Project is developing IPM programs for vegetable crops, microbial agents are key components of these programs. They fit well into farmer field school training where farmers study the crop ecosystem, are aware of the value of natural enemies, and understand that microbial insecticides preserve these natural enemies. Farmers also receive training on how to produce their own microbial agents. Currently, there are farmer groups that are not only producing insect viruses and fungi for their own use, but are generating additional income by selling these products to other farmers in the area. They can also produce plant pathogen inhibitors such as Trichoderma using the same process and equipment as for insect fungi.
Crop Health Management for Food Safety and Agroecosystem Health in Developing Countries
Disseminating good agricultural practices in vegetable production for better human and agroecosystem health J. WANG (1), G. Luther (1), S. Neave (2), M. Bhattarai (1), K. Weinberger (1), K. Kriesemer (1) (1) AVRDC-The World Vegetable Center, Tainan, TAIWAN REP OF CHINA; (2) AVRDC-The World Vegetable Center, Honiara, SOLOMON ISLANDS Phytopathology 101:S225 For smallholder farmers, sustaining the productivity of the limited land they own depends on the health and maintenance of the agroecosystem in their plots. Vegetables are important income and nutrient sources for smallholder farming households in developing countries and can be cultivated in diverse agroecosystems with various levels of inputs. Numerous technologies have been developed to improve vegetable productivity; the challenge is to introduce suitable, agroecosystem-enhancing technologies that have maximum potential to be adopted by local communities. Technology dissemination for impact generation starts from understanding local production constraints, cultures, and socioeconomic status. Certain technologies with good adoption potential are then selected. Participatory trials for adapting selected technologies are designed and conducted with local stakeholders. The adapted technologies are then disseminated using effective strategies designed with local partners. AVRDC -The World Vegetable Center aims to build local capacity by applying the research and development cycle on a regular basis. This is the key to increasing the resilience of smallholder vegetable farmers against climate change. The Center recently disseminated integrated crop management technologies in Aceh, Indonesia after the 2004 tsunami and in the Solomon Islands. The lessons learned will be presented. Aflatoxin contamination is widely distributed across sub-Saharan Africa. Crop aflatoxin levels must be significantly reduced to improve human and animal health and increase the marketability of agricultural products. CGIAR recognizes aflatoxins as an important constraint for improving the human condition through agriculture. Various CGIAR strategies are pursued in an integrated research-for-development pathway to improve aflatoxin management from field to fork. Strategies include problem definition (e.g., information on prevalence, impact on health and trade, climate change effects, biology of causal agents), technology development (e.g., biocontrol and resistant cultivars), technology adaptation (e.g., good harvest and storage practices), technology testing and integration (e.g., combining different methods with user feedbacks), technology dissemination (e.g., farmers' field schools) and advocacy (e.g., awareness, education, policy support, and networking). One of the major advances in aflatoxin management in Africa is the adaptation of biological control using native atoxigenic strains of Aspergillus flavus. Biological control is on the verge of large-scale adoption in Nigeria and development is progressing in Kenya, Senegal and Burkina Faso. We continue to address issues related to awareness, advocacy, education and regulatory support that are the foundations on which aflatoxin management efforts are institutionalized. Partnership between CGIAR centers and with other institutions is the key to this approach. Nematode pests are regularly overlooked and misdiagnosed, in part, due to their subterranean and cryptic habit. Symptoms of nematode damage may be observed on both aerial and root parts. Root necrosis, stunting and galling are typical, reducing efficient access to available water and nutrients. Affected plants may present symptoms of nutrient deficiency and water stress. This lack of specific symptoms complicates diagnosis. The global scarcity of nematode expertise further compounds identification of nematode problems. Under resource poor conditions, the situation is exacerbated by the need to intensify production to feed burgeoning populations, especially those in urban areas. Consequently, the limited focus on nematode management needs redress. In smallholder production systems, nematodes gradually manifest, resulting in substantial production losses. In intensified smallholder systems, such as peri-urban vegetable gardens, pesticide use has become a common coping strategy to mitigate crop losses caused by pests and pathogens, but which often does not account for an underlying nematode problem, leading to misuse of synthetic pesticides. The limited availability, inconsistent quality and perceived high cost of pesticides, in addition to a limited awareness of the most adequate pesticides for the specific situation, creates further problems. Innovative IPM options for nematode management developed in a multidiscipline approach will become increasingly necessary to overcome production losses.
Advances in integrated aflatoxin management in Africa
Seeing the unseen -
Integrated management of food legume diseases for sustainable rainfed agroecosystem S. PANDE (1) (1) ICRISAT, Patancheru, INDIA Phytopathology 101:S226 About 65% of the 522 million people live in rain-fed agro-ecosystem in South Asia and severely affected by mal nutrition leading to poor physical productivity and to higher rates of non-communicable diseases. Food legumes [chickpea, lentil, field pea, pigeonpea, blackgram, mungbean, cowpea and soybean are the major source of inexpensive protein for rural poor in rain-fed South Asia. For example a gram of protein from grain legumes varied from 0.1-0.34 rupee in India compared to 0.86 rupees from meat. Inclusion and expansion of food legumes in rain-fed cropping systems not only provide nutrition to poor, as well as increases the productivity and sustainability of rainfed cropping system. However, evidences revealed that food legumes are prone to root rots, wilts and foliar diseases caused by fungi, bacteria and viruses; incurring crop losses up to 100% in susceptible cultivars. This paper discusses the opportunities for greater integration of disease management of food legumes into their production agronomy in the rain-fed cropping systems for their profitable popularization. The integrated management of food legumes involves host plant resistance, agronomic practices, judicious use of fungicides, pesticides for vector control, and bio-pesticides for pathogen control, risk forecasting that operate on different aspects of the disease etiology, such that they complement each other and can be applied together in farmers' fields collectively to provide farmers with maximum economic return.
Integrated pest management for potato in developing countries:
Challenges, opportunities and new control strategies J. E. KROSCHEL (1) (1) International Potato Center, Lima, PERU Phytopathology 101:S226 Potato producing farmers are faced by about 20 insect pests worldwide. A minimum of 2-4 pests often require direct control. In Latin America farmers are confronted by a higher number of pests (10) compared to farmers in Africa and Asia (5-8). If not controlled, reductions in tuber yield and quality can be between 30-70%. Many important potato pests have evolved in the center of potato origin. The use of often highly hazardous insecticides is still the most common pest management strategy. Opportunities to increase a wider adoption of IPM are seen in the development of agroecosystem-specific IPM strategies. Moreover, farmers should be supported with innovative technologies that equally replace insecticide interventions. Examples are the use of plastic barriers that effectively prevent infestations of migrating Andean potato weevils, a technology which allows implementing a new IPM strategy in the Andean region, the use of attract-and-kill or a cost-effective formulation of Bacillus thuringiensis for managing potato tuber moths. Moreover, the resilience of potato agroecosystems can be increased through inoculative biological control for invasive species or to recuperate species lost through the intensive use of pesticides. Potato IPM can show clear economic and ecological benefits. Multidisciplinary efforts are needed to enhance resilience of potato agroecosystems; strong public-private partnerships are crucial for technology delivery and well-trained field advisors to support the needs of farmers.
Role of insect-resistant transgenic crops for pest management and their impact on environment and food safety H. C. SHARMA (1) (1) International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Hyderabad, INDIA Phytopathology 101:S226 Genes conferring resistance to insect pests have been inserted into several crops, and transgenic cotton and maize expressing cry genes from Bacillus thuringiensis (Bt) have shown considerable potential for pest management. Adoption of Bt-transgenic crops has resulted in increased yields and a decreased the pesticide use. However, there is a need for in-depth studies on the effects of genetically modified crops on nontarget natural enemies of crop pests and the bio-safety of the food derived from transgenic crops. In general, there are no major adverse effects of genetically modified insect-resistant crops on the generalist predators, while some adverse effects have been observed on the host specific parasitoids, which are largely due to early mortality or poor nutritional quality of the insect host. It is equally important is to ensure the safety of food derived from transgenic crops based on the principle of nutritional equivalence. Insect-resistant transgenic crops will play a significant role in integrated pest management in the future, reducing the number of insecticide sprays and pesticide residues in food. There is a need for a concerted effort involving international and advanced research institutes, and the national research organizations to harmonize the regulatory requirements to assess the bio-safety of the food derived from genetically engineered crops and their effects on the non-target organisms sustainable crop production and food security. Wheat is a key to food security in much of West Asia and North Africa (WANA). The rainfed wheat is mostly grown under a conventional wheat fallow system and exposed to climatic extremes including frequent droughts and heat stress, making the resulting the soil health status (physical, chemical and biological) is far from sustainable. Biotic soil borne pathogens (SBPs) including Cereal Nematodes (cereal cyst -Heterodera spp. and root lesionPratylenchus spp.) and the root rotting fungal complex (Fusarium spp. and Bipolaris sorokinana) frequently occur together in cereal these soils reducing the ability of the roots to absorb water and nutrient. These abiotic and biotic constraints often occur in combination and interact synergistically to reduce wheat productivity. Although SBPs are widespread across WANA, they often unrecognised by Wheat Improvement scientists as they are soil borne and are associated with non-specific about ground systems easily confused with other ailments. CIMMYT International working with Turkey, and sister centre ICARDA along with many National Program partners in WANA have identified components for use in integrated control packages to harness agroecosystem resilience for these wheat systems. These includes germplasm enhancement for multiple SBP resistance and/or tolerance; combined with most appropriate conservation agricultural practices (reduced tillage, use of rotation and/or residue retention); and seed treatments to enhance plant health. Capacity building is one of the key mechanism to enable further research and uptake of these components. Michigan State University, University of California-Davis and Kansas State University in collaboration with the CGIAR/ICARDA-Project Facilitation Unit are implementing an ecologically-based regional IPM program in Central Asia to enhance food security in the region. This regional IPM program is funded by the USAID funded IPM CRSP program managed by the Virginia Tech University. The focus of this regional program is to develop IPM packages for two important vegetable crops, Tomato and Potato. The IPM packages for these two crops are developed through applied research and demonstration sites in host countries in Central Asia including Uzbekistan, Kyrgyzstan and Tajikistan. The project is enhancing institutional capacity building through graduate training, workshops, short courses, joint publications, and outreach programs. In developing and delivering IPM packages, the project also addresses cross cutting issues such as gender and socioeconomic aspects. The most common vegetable crops cultivated in Indonesia are cabbage/ broccoli, tomatoes, chilli pepper, shallot/onion, and yardlong bean. Numerous insects and diseases are known to reduce vegetable production, and IPM tactics have been developed and practiced to overcome these problems. Various biological control agents are being implemented. These include application of Trichoderma harzianum to control club root disease on crucifers and other soil-borne vegetable diseases. Dipping seedlings in Bacillus subtilis and Pseudomonas fluorescence reduced infection by fungi and screened-seed beds suppressed virus infection on tomatoes and chili pepper. Farmer-level production and use of the nucleopolyhedrovirus (SeNPV) to control Spodoptera exigua on shallot is an effective tactic. The naturally-occurring parasitoid, Hemiptarsenus varicornis, and a predatory fly, Coenosia humilis, control populations of Liriomyza huidobrensis, when broad spectrum insecticides are avoided. Some physical/mechanical controls include fine-mesh netting and use of black-light traps in shallot. Hand-picking larval clusters and spot treatments with Bacillus thuringiensis, effectively controlled the cluster caterpillar, Crocidolomia pavonana. Botanical extracts of Tephrosia vogelii are used to control Neotoxoptera formosana on green onion and Phyllotreta striolata on crucifers. Cultural methods employed include crop rotation, soil liming, plastic mulching, and removal of infection sources. Four yield-enhancing, cost-reducing, and environment-friendly technologies -VAM (Vesicular Arbuscular Mycorrhizae), Trichoderma sp., NPV (nuclear polyhedrosis virus), and sex pheromone traps -were developed and promoted to improve farmer competitiveness, minimize environmental risks, and ensure food safety. VAM, a beneficial fungus acts as a biofertilizer and biological control agent (BCA) against vegetable diseases. Trichoderma sp., another beneficial fungus, functions as a biological fungicide. Impact assessments of these technologies showed a 23% increase in yield, 43% reduction in cost of fungicides, and 19% decrease on fertilizer cost, resulting in a 167.58% increase in adopters' net income over the non-adopters. The use of NPV against cutworms and armyworms resulted in a net incremental benefit of P136,000/ha compared to P65,000/ha using insecticide. The use of sex pheromones, a pest monitoring tool that helps in deciding the proper timing of intervention, resulted in a 70-90% reduction in insecticide application without reducing yield. Assessments further showed that the increase in net income contributed to the increase in farmer's capacity to purchase basic needs and accumulate assets. Adopters were also able to establish new social networks and reduce the risk of pesticide poisoning in their households. The four technologies now form part of a package of IPM technology recommendations for vegetable production in the Philippines. Pesticide use in vegetable production among smallholder farmers in Asia remains unnecessary high. Concerns over food safety, farmer health and environmental pollution caused by indiscriminate use of pesticides call for promotion and employment of more sustainable crop production and protection strategies. During the last decade, FAO has been working intensively with Asian governments, civil society organizations and the private sector to develop robust Integrated Pest Management strategies for a range of economically-important vegetable crops during the last decade. Case studies of successfully employed vegetable IPM farmer education initiatives, using the Farmers Field School approach, will be detailed in this paper. In Indian sub-continent, vegetable crop productivity is limited due to damage caused by many insect pests and diseases besides nematodes. Excessive use of synthetic pesticides resulted in development of resistant insects, adverse effects on human health and the degradation of environment. Sustained efforts were taken to integrate locally adapted farmer friendly both conventional and biorational methods of pest management through USAID funded IPM-CRSP project at TNAU, India. The IPM packages were developed and validated through farmers' participatory approach in onion, eggplant, okra and tomato.
IPM Program for Vegetable Crops in the Tropics and Opportunities for IPM Graduates
IPM tactics for vegetable crops in Indonesia
IPM technologies developed for vegetable crops in the Philippines
IPM packages for vegetable crops in India
In these vegetable crops, an IPM package of using different components like seed treatment, nursery application and soil application in main field with Trichoderma viride and/or Pseudomonas fluorescens, application of neem cake, selection of virus disease free seedlings for planting, roguing out of virus infected plants, growing marigold as a border crop, growing trap/barrier crops, setting up Helicoverpa / Earias/ Spodoptera / Leucinodes pheromone traps, release of Trichogramma chilonis, installation of yellow sticky traps, spraying neem formulations / neem seed kernel extract and need based application of nematicide/insecticides/fungicide was found to yield significant reduction in pest problems and increased income to the farmers. The BC ratio varied from 1.86:1 to 4.89:1 in different vegetable crops. The IPM package development is in progress in hot pepper, cabbage and cauliflower.
Technology transfer of vegetable IPM packages in India N. KAUSHIK (1) (1) TERI, New Delhi, INDIA Phytopathology 101:S227 IPM demonstrations were carried out in U.P., A.P. and Karnataka under USAID IPMCRSP program. Moretha 80 trials have been conducted covering total area of 41.5 acres. Technologies for seed and seedling treatment with Trichoderma viride and Pseudomonas fluorescens, use of pheromone traps, yellow sticky traps, neem, NPV's and T. viride spray, mulching, roughing, field scouting, shoot clipping and need based pesticide application were transferred to the farmers in these villages. The training on IPM through More than 80 trials These interventions have resulted in good quality of vegetables, lower cost of production, more profits than conventional pest management, 2 to 3 times more price for IPM produce, better taste, and 50 to 60 per cent reduction in pesticide use. The higher income-used for children education, housing etc.
IPM: Changing the Vegetable Pest Management System in Bangladesh
A. KARIM (1) (1) IPM CRSP Bangladesh Site, Gazipur, BANGLADESH Phytopathology 101:S227
In Bangladesh, millions of farmers earn their living by growing vegetable crops almost throughout the year. To protect the crops from pest damages the farmers incur more than 30% of the cultivation costs to purchasing pesticides only. Implementation of IPM technologies impacted greatly in changing the mindset of the farmers from resorting to pesticides to using IPM practices. Nine IPM technologies that are now available for about 20 kinds of major vegetable crops include pest and disease resistant varieties, grafting technique, use of bio-control agents, use of soil amendments with poultry refuse, mustard oil-cake or Trichoderma-based compost, IPM approach to control cabbage and cauliflower pests, and weed management at critical crop stage. The technologies were highly effective to control 30-95% pests and diseases, produce 20-200% higher yields, and increase economic returns by 20-200%. Farmers are now producing pesticide-free vegetables in different areas of about 20 districts of the country. Preliminary estimates show that the farmers saved about US$300,715 by avoiding pesticide use of about 42,000 liters through adopting IPM practice of pheromone baiting in cucurbit (gourd) crops during 2007-2010, and the practice fetched them US$3.007,000 from an additional production of 21,050 tons of cucurbits (gourds). A silent revolution is thus going on at the farm level as the words of IPM success stories are transcending the borders of each success area. The IPM CRSP activities, launched in 1998 with the Bangladesh Agricultural Research Institute (BARI) as the lead collaborator, are continuing to develop and implement IPM practices so as to reach the larger farming communities of the country. The IPM CRSP has been working in Latin America and the Caribbean region for more than 15 years. Research conducted in collaboration between host country and U.S.-based scientists has led to numerous IPM practices for the control of pests and diseases. As the project matures, its focus has evolved from identifying practices to address specific pest problems to development of IPM packages to solve crop-specific pest complexes. Packages for potatoes and Andean Fruits in Ecuador are now being disseminated and the CRSP is in the final stages of development of packages for peppers, tomatoes and cucurbits in Central America. This presentation will discuss some of the features of these packages, experiences in and obstacles to IPM package development, and potential for cross-country learning about IPM from a package-based global research project. (2), C. C. Brewster (1), J. Westwood (1), S. A. Miller (3), P. Hipkins (1), G. Mbata (4), K. T. Gamby (5), E. V. Coly (6), D. S. Sall (7) The West African regional project of IPM CRSP includes Ghana, Mali and Senegal, and focuses on tomato, potato and cabbage, aiming to develop IPM packages addressing all of the major pests with which local farmers must contend, using appropriate technologies. Cooperators in each of the participating countries attended a 2-day planning workshop in Bamako Mali in order to prioritize pest insects, pathogens and weeds. On tomato, a major pathogen is Ralstonia, causing bacterial wilt, and Alternaria solani, causing early blight. Cultivars were assessed for resistance; proper seed selection and treatment are considered. In Mali, a 2-month host free period was successful for managing whitefly-borne viruses and is tried in Ghana. In addition to whiteflies, Helicoverpa armigera is a major tomato pest. Yellow sticky traps and neem are evaluated. Nineteen weed species were found in a survey of tomato plantings. On potato, potato tuber worm, bacterial wilt and rots of tubers are most important. In cabbage, Plutella xylostela, Hellula undalis, Crocidolomyia pavonana, Helicoverpa and Spodoptera exempta are the most important insect pests. A cabbage IPM package may include biological control, intercropping with tomato, botanical insecticides, microbial insecticides, row covers, synthetic insecticides and improved monitoring. The use of nonchemical tools will delay development of insecticide resistance, and minimize use of highly disruptive classes of insecticides.
IPM packages developed for high-value horticultural crops in Latin
IPM packages developed for vegetable crops in West Africa
D. G. PFEIFFER (1), D. E. Mullins (1), R. L. Gilbertson
IPM program for vegetable crops in the tropics and opportunities for IPM graduates packages for horticultural crops in Uganda
S. KYAMANYWA (1) (1) Makerere University, Kampala, UGANDA Phytopathology 101:S228
Of all the horticultural crops in Uganda, tomato is the heaviest consumer of chemical pesticides with the majority of the growers using the pesticides preventatively as opposed to the recommended curative role. In a bid to minimize reliance on chemical pesticides on tomato, research on development and dissemination of IPM technologies applicable on small holdings has been ongoing with funding from IPM CRSP. The technologies that have been found to be effective are mulching, staking, grafting, resistant germplasm; combined with a reduced pesticide spray schedule. Some of the technologies have already gained popularity with farming communities. The project is also branching into developing innovative soil borne diseases' management using antagonistic micro organisms -a case in point being the on going research on Arbscular michorriza Fungi for nutrient uptake promotion and disease management. Emerging challenges include the unprecedented increase in occurrence of viruses on tomato. The project is responding to the threat by acquiring and testing germplasm from AVRDC as well vector management strategies. IPM CRSP also supports graduate training with two MSC students working on developing IPM technologies on tomato.
Opportunities for graduates of IPM and related areas in international agriculture S. A. MILLER (1) (1) The Ohio State University OARDC, Wooster, OH, U.S.A. Phytopathology 101:S228 Increasing agricultural productivity is key to improving the livelihood of farm families, alleviating food insecurity and improving prospects for economic growth in developing countries. Plant diseases, insect pests and weeds significantly reduce crop productivity, and misuse of pesticides is very common. While richer nations have made investments in developing countries for decades, their focus has returned to agricultural development as a means of poverty reduction. This has resulted in a demand for expertise in disciplines that directly impact food security. Graduates of IPM and related programs can contribute to these efforts as volunteers or through public or private sector employment. For example, International Agricultural Research Centers provide employment opportunities in modern laboratories that rival those in the developed world. Private sector development organizations seek a wide range of technical expertise for short-and long-term projects. Land Grant Universities have a long history of participation in agricultural development. Programs such as the USAID-funded Collaborative Research Support Programs, particularly the IPM CRSP, provide opportunities for students, faculty and staff to develop and implement IPM solutions to crop production problems in developing countries. Small grant programs, including the APS Office of International Programs Global Experience, support projects between APS members and developing country partners.
Laboratory Methods for Detecting and Characterizing Fungicide Resistance
Fungicide resistance testing and monitoring strategies: Good science and common mistakes W. F. WILCOX (1) (1) Cornell University, Geneva, NY, U.S.A. Phytopathology 101:S228
The value of the data obtained when monitoring and testing for fungicide resistance is dependent upon (i) the degree to which the tested samples are reflective of the pathogen population that they purport to represent; and (ii) the extent to which the laboratory assay employed truly reflects the ability of the tested fungicide to inhibit the fungus from infecting and/or developing within its host. With respect to the first criterion, mistakes are most commonly made in terms of interpreting or interpolating the data. Does the detected/reported frequency of resistance pertain to the treated (surviving) or the untreated population? Does the sample represent a local or regional population? Is the sample size adequate to represent the population of interest with reasonable certainty? Mistakes involving the second criterion are most common when in vitro tests either (i) do not measure the activity of a fungicide responsible for controlling disease, e.g., tests for mycelial growth inhibition on a material acting via inhibition of spore germination; or (ii) do not account for processes likely to occur during an infection process in planta, e.g., blockage of an alternative respiration pathway that fungi might otherwise use to overcome the inhibitory activity of QoI fungicides. Furthermore, with respect to fungicides for which quantitative resistance occurs, claims for threshold sensitivity values defined as "resistant" are best supported by relative disease-control data.
Sampling for detecting fungicide resistance L. V. MADDEN (1) (1) Ohio State University, Wooster, OH, U.S.A. Phytopathology 101:S228 Detecting shifts in fungicide resistance in fungal populations is of critical importance in developing management strategies in many cropping systems. For some situations, especially where a single gene confers resistance, the shift to resistance in a population can occur rapidly. It is therefore essential to detect a very low prevalence of resistance in fields or in a region while the fungicide is still effective. Sampling methods for rare events provide a framework for precisely determining the upper bound for the prevalence of fungicide resistance, even when all observed isolates are sensitive to the fungicide. That is, when all isolates are sensitive, distributional theory for discrete (binary) variables (with measurement error) shows that there is a nonzero upper bound on the confidence interval for prevalence of resistance. This can be turned around to show the probability of falsely accepting a field (or region) as free of resistant isolates when there is a low (but nonzero) prevalence of fungicide resistance. The sample size can also be determined to declare with 95% confidence that prevalence is below a threshold value when all observed isolates are nonresistant. These concepts can be expanded to develop a two-stage acceptance sampling scheme to detect the presence of resistant isolates in sampled fields based on a sample of isolates from each field.
Laboratory methods for evaluating resistance in vitro G. OLAYA (1) (1) Syngenta Crop Protection, Vero Beach, FL, U.S.A. Phytopathology 101:S228
Fungicides are key components in the control of fungal diseases in many world crops. Laboratory methods to evaluate fungicide sensitivity or resistance have been developed and validated. The sensitivity methods are used to establish baseline sensitivity distribution of a specific fungus to a specific fungicide. The methods are also used in subsequent resistance monitoring to determine possible fungicide resistance development and in checking for cross resistance among fungicides in the same mode of action class. The sensitivity methods must be reliable, validated and must correlate with sensitivity responses in the field. Laboratory fungicide sensitivity methods are designed according to the biological mode of action of the fungicide that could target e.g. conidia germination or the inhibition of mycelial growth. Fungicide sensitivity assays can be conducted on agar or liquid growth media to check for conidia germination or mycelial growth of non-obligate fungal pathogens. The fungicide sensitivity of non-obligate fungal pathogens can also be tested in vivo on intact plants in a growth room or greenhouse or using detached or leaf disc leaves in the laboratory. In vivo fungicide sensitivity assays are recommended for studies with certain fungicides in certain fungicide classes and in studies to correlate in vivo resistance response to the ones in vitro or field.
Laboratory methods for evaluating resistance for obligate pathogens F. P. WONG (1), G. Olaya (2) (1) University of California, Riverside, CA, U.S.A.; (2) Syngenta, Vero Beach, FL, U.S.A. Phytopathology 101:S229 Determination of fungicide sensitivity and resistance for obligate fungal plant pathogens presents a difficult challenge. Powdery and downy mildews, and rusts are common targets for fungicide sensitivity testing, and have unique technical problems to address. Spore germination or germ tube elongation tests may be performed for certain fungicides as an in vitro testing method, but in vivo techniques are often necessary. These include the use of fungicidetreated detached leaves or leaf pieces, seedlings or whole plants. Factors to be considered in optimizing these laboratory techniques may include: (i) Proper selection of uniformly susceptible plant tissues, based on age, size or plant variety. (ii) Use of chemicals, such as benzimidazole, to delay senescence in detached leaves. (iii) The use of a surfactant and appropriate concentrations that allow for uniform fungicide coverage of tissue but do not inhibit the fungus. Furthermore, the obligate nature of these plant pathogens mandates a considerable amount of culture maintenance and sufficient measures must be taken to limit cross contamination between isolates during sensitivity experiments. Unique examples also include deployment of fungicide treated seedlings into production sites and large area monitoring aided by trapping of airborne spores. DNA-based methods are highly useful once resistant isolates have been characterized, and can be utilized to expedite resistance monitoring programs. The use of fungicides may lead to the selection of resistant fungal pathogen isolates, despite the precautions taken by the producers and official bodies. Many of the most recent fungicide introductions are single-site inhibitors, which possess a higher risk for resistance development than multi-site fungicides. Fungicide resistance is often based on alterations of the target enzyme, but also other mechanisms could occur (efflux, metabolism or target over-expression). Often point mutations are leading to amino acid exchanges, which are responsible for resistant phenotypes towards QoIs, MBCs, SDHIs, or CAAs fungicides. Recent advances in molecular genetics and its application on an increasing number of fungal pathogen species have facilitated the development of molecular methods for the early detection of fungicide resistance. Different technologies are available, pyrosequencing, Q-PCR, PCR-RFLP, etc. These techniques are especially suited for detection of single point mutations, but also for cases where this correlation is not perfect and other mechanisms have an influence, such as for the DMI sensitivity shift. The different techniques have advantages and disadvantages, in terms of sensitivity, quantifiability, but also technology input, speed and price. Several molecular methods developed for several pathogens are resented. The consequences for fungicide use recommendation and the impact of new technologies on fungicide resistance research are discussed. Closteroviruses make up one of the most economically important groups of viruses of plants, although this was not recognized until recently because of the difficulty of working with these viruses. Their diversity of biological characteristics, which include transmission by different insect vectors, and the fact that some are bipartite with much shorter virions impeded their being recognized as a group. This virus group has members that are vectored in a 'semi-persistent' manner by different families of insects: aphids, whiteflies, and mealybugs. Yet each virus-insect interaction is precise. However, recent technologies have allowed characterizing the genomes of these viruses, which has emphasized their remarkable similarities. This group of viruses has several common features. They have thread-like flexuous virions encapsidated primarily by a major coat protein, but one end of the virion is encapsidated by a diverged copy of the coat protein. In addition, at least two other viral proteins are required for efficient virion assembly and minor amounts of several proteins are associated with intact virions. Manipulatable genetic systems have been developed for of several viruses in this group that is allowing further analysis of their similarities and differences. Mealybug wilt of pineapple (MWP) is a devastating disease of pineapple, Ananas comosus (L.) Merr., worldwide. The disease is characterized by severe leaf-tip dieback, downward curling of the leaf margins, and loss of leaf turgidity, that can lead to total collapse of the plant. Pineapple mealybug wilt associated virus-1 (PMWaV-1), PMWaV-2, and PMWaV-3 have been identified in field-grown pineapple throughout Hawaii and are transmitted by the pink and grey pineapple mealybugs, Dymicoccus brevipes and D. neobrevipes, respectively. In Hawaii, PMWaV-2 infection and simultaneous mealybug feeding are involved in the induction and etiology of MWP, whereas PMWaV-1 and -3 do not appear to be necessary for wilt induction. Genomic analyses reveal that PMWaV-1 and PMWaV-3 lack an intergenic region between the RdRp and the small hydrophobic protein open reading frames (ORFs), lack a conserved motif in ORF4, encode a relatively small coat protein, and lack an apparent diverged coat protein (CPd). These characteristics distinguish them from PMWaV-2 and the ampelovirus type member, Grapevine leafroll associated virus-3 (GLRaV-3). Phylogenetic analyses of seven domains and ORFs from members of the family Closteroviridae show two distinct groups within the recognized genus Ampelovirus. One group of ampeloviruses includes PMWaV-3 and PMWaV-1, and the other group includes PMWaV-2 and GLRaV-3.
Molecular methods for fungicide resistance detection
Molecular/Cellular/Plant-Microbe Interactions Biology and Molecular Biology of Closteroviruses
Closteroviruses infecting grapevine R. A. NAIDU (1) (1) Washington State University, Prosser, WA, U.S.A. Phytopathology 101:S229 Closteroviruses (family Closteroviridae infecting grapevines (Vitis spp.) are a complex and genetically diverse group infecting a single crop species. They have been documented in grapevines affected with grapevine leafroll disease (GLRD). Closteroviruses associated with GLRD are collectively designated as Grapevine leafroll-associated viruses (GLRaVs) and numbered sequentially as GLRaV-1, -2, -3, etc. in the order of their discovery. Among them, GLRaV-3 appears to be the most widespread in many grape-growing regions. Mixed infections of GLRaVs in different combinations are common. The role of these GLRaVs in the biology of GLRD requires investigation. The majority of GLRaVs belong to the genus Ampelovirus, whereas GLRaV-2 belongs to the genus Closterovirus. has not yet been assigned to any of the genera in the family Closteroviridae and GLRaV-8 is not a valid virus species. The size of GLRaVs ranges from 13,696 nucleotides (nt) with a relatively simple genome organization encoding seven open reading frames (ORFs) to 18,498 nt with a complex genome organization encoding thirteen ORFs. A few GLRaVs in the genus Ampelovirus have been shown to be transmitted by different species of mealybugs and scale insects. Recent studies are beginning to reveal new information on molecular biology of GLRaVs in relation to other monopartite members of the family Closteroviridae. Closteroviruses were not known to infect small fruit crops until 2001. Several new members of the family have been characterized in the past decade in association with major disease epidemics. The first closterovirus identified in small fruit crops was Strawberry pallidosis associated virus, a crinivirus found in more than 70% of declining plants in California between 2002 and 2004 . After this first discovery there were another four closteroviruses discovered in the crop, members of the genera Crinivirus and Closterovirus. Caneberries are infected with members of all three genera of the family. Blackberry yellow vein associated virus is the most important of the viruses involved in the Blackberry yellow vein complex as it is present in a large subset of the samples with typical disease symptoms. A new ampelovirus, also associated with this disease, has recently been identified and epidemiological studies are underway. In raspberry, the agent associated with leaf mottle and leaf spot symptoms has proven to be a Closterovirus named Raspberry leaf mottle virus (RLMV). RLMV is part of the most important virus disease of the crop -the raspberry mosaic complex -whereas it can also cause significant losses when found in mixed infections with Raspberry bushy dwarf virus and Raspberry latent virus. In general terms, small fruit closteroviruses have a major impact in yield and plant longevity, especially when found in mixed infections with other viruses.
Aphid transmission of Beet yellows virus in a model system A. V. KARASEV (1), S. Blades (1), A. R. Poplawsky (1) (1) University of Idaho, Moscow, ID, U.S.A. Phytopathology 101:S230 Closteroviruses are phloem-associated, insect-transmitted plant viruses that co-evolved with their vectors. Currently, good manipulatable genetic systems are available to study an array of genetic functions expressed by closteroviruses transmitted by aphids, whiteflies, and to a lesser extent by mealybugs; these functions include genome replication, cell-to-cell and long distance movement, host defense suppression and others. However, the vector transmission function of closteroviruses was not amenable to the studies using various genetic systems up until recently, due to the lack of a convenient plant-virus-vector model. Here, a complete manipulatable genetic system for studies of aphid transmission in closteroviruses will be discussed. This genetic system includes a GFP-tagged infectious copy of the Beet yellows virus (BYV) genome being delivered to the Nicotiana benthamiana model plant through agro-inoculation, and a special colony of green peach aphid, Myzus persicae, adapted to N. benthamiana. Examples of research on aphid transmission in closteroviruses will include tracing the BYV movement from the initial infectious focus following aphid inoculation, and uncoupling the aphid transmission from the systemic spread function using alanine scanning mutagenesis.
Role of Fatty Acids and Lipids in Host-Pathogen Interactions
The plant defense hormone jasmonate and its molecular mechanism of action G. HOWE (1) (1) Michigan State University, East Lansing, MI, U.S.A. Phytopathology 101:S230
The fatty acid-derived plant hormone jasmonate performs a central role in regulating plant defense responses to biotic stress. Many pathogens and insect herbivores trigger host defense responses by activating the synthesis of jasmonoyl-L-isoleucine (JA-Ile), which promotes the formation of COI1-JAZ coreceptor complexes in which JAZ transcriptional repressors are targeted for ubiquitin-dependent degradation. Mutations that disrupt JA-Ile homeostasis or perception severely compromise host resistance to many insects and pathogens. In contrast to biotic agents that are fended off by the jasmonate pathway, some pathogens, most notably Pseudomonas syringae, exploit the hormone to promote disease. As a potent agonist of the JA-Ile receptor, the P. syringae toxin coronatine triggers jasmonate responses that suppress host immunity. The x-ray crystal structure of the COI1-JAZ receptor in complex with JA-Ile and coronatine has provided an unprecedented view of how this hormone signaling pathway modulates immune function. Recent progress in understanding the molecular mechanism of jasmonate signaling will be presented. Symbionts, both pathogenic and beneficial, must integrate their physiology with that of their host in order to achieve a successful colonization. Effector proteins that enter the cytoplasm of host cells are widely utilized for this purpose by bacterial, fungal, oomycete, protistan, nematode, and insect symbionts. The soybean pathogen Phytophthora sojae, one of the best characterized oomycete pathogens, encodes in its genome nearly 400 potential effector proteins with the cell-entry motif RXLR. We have recently identified the mechanism by which effector proteins from pathogens and mutualists from two different kingdoms of life, Fungi and Oomycetes, enter the cells of their plant hosts. The mechanism involves the previously undetected presence of the phospholipid phosphatidylinositol-3-phosphate (PI-3-P) on the outer surface of the plasma membrane of plant cells. The virulence proteins utilize PI-3-P as a receptor to gain entry via lipid-raft mediated endocytosis. More recently, we have discovered that two diverse insect pests of plants (hessian flies and aphids) also produce proteins that can bind PI-3-P via RXLR motifs in order to enter plant cells, where they suppress host defenses while the insects feed. We are current exploring methodologies for disrupting PI-3-Pmediated effector entry in order to create new means for managing oomycete and fungal diseases and insect pests. Systemic acquired resistance (SAR) is a form of immunity that provides protection against secondary infections and involves the generation of a mobile signal at the site of primary infection, which translocates to distal tissues and activates defense responses. We showed that the Arabidopsis acyl carrier protein 4 (ACP4) is required for processing the mobile SAR signal in distal tissues. The acp4 plants generate the mobile signal, but fail to induce systemic immunity in response to it, and this correlates with the impaired leaf cuticle in acp4 plants. Other genetic mutations impairing the cuticle, as well as physical removal of the cuticle in wild-type plants also compromises SAR. Interestingly, a mutation in GLABRA1, a well-known component of trichome development, also affects cuticle development and thereby SAR. More recently, we showed that, glycerol-3-phosphate (G3P), an important and conserved primary metabolite, is a critical inducer of SAR. Genetic mutants defective in G3P biosynthesis cannot induce SAR, but do so in response to exogenous G3P. We show that a G3P derivative is translocated to distal tissues and this requires the lipid transfer protein, DIR1. Conversely, G3P is required for the translocation of DIR1 to distal tissues, which occurs via the symplast. This and the fact that dir1 plants accumulate reduced G3P in their petiole exudates suggest that the cooperative interaction of DIR1 and G3P orchestrates the induction of SAR in plants. To test this hypothesis, maize and A. flavus oxylipin-deficient mutants were created and tested for alterations in the ability of the fungus to colonize seed and produce spores and mycotoxins. Additionally, maize LOX knock-out mutants were tested for resistance to other fungal pathogens. Disruption of specific LOX genes resulted in either decreased or increased resistance to leaf blights, stalk rots and to contamination with mycotoxins with the outcome of interactions dependent on specific LOX mutant and pathogen species. The results will be presented showing that the host and fungal oxylipin metabolism governs the outcome of maize-fungal interactions and that production of plant oxylipins may be modulated by fungi to facilitate pathogenesis and production of spores and mycotoxins. Research in the field of chemical ecology has focused primarily on the role of chemical signals and defense compounds in mediating plant-insect interactions, particularly in agricultural ecosystems. In recent years increased attention has been paid to natural systems and to different classes of chemically mediated ecological interactions, including disease ecology and plant-plant communication. Our research program focuses primarily on the signaling functions of volatile (airborne) compounds emitted by plants and other organisms. In this presentation, I discuss some of our recent work on host-parasite interactions, including the role of volatiles in host location by parasitic plants and the induction of changes in host volatiles by vector-borne pathogens. This research has implications both for our growing understanding of the ecological significance of plant parasite interactions and as well as for epidemiology and disease diagnosis. To explore the genomic diversity of biocontrol strains of Pseudomonas spp., we derived high quality draft sequences of seven strains that suppress plant disease. The strains were isolated from the phyllosphere of pear (P. fluorescens A506), the rhizosphere of wheat (three strains of P. fluorescens and two strains of P. chlororaphis), or the rhizosphere of peach (P. synxantha BG33R). Genome size varies from ca. 5.9 Megabases with 5500 ORFs (P. fluorescens A506) to 7.0 Megabases with 6300 ORFs (P. chlororaphis O-6). Along with three previously-sequenced strains of P. fluorescens (Pf-5, Pf0-1 and SBW25), these bacteria share 2831 genes that represent a core genome, with each strain having approximately 300 to 900 genes that are not found in the other genomes. Phylogenetic analysis of the ten strains defined three distinct clades. Within each clade, the strains share 75 to 90% of their proteomes, whereas a smaller proportion of the proteome, typically 60 to 70%, is shared between strains in different clades. Bioinformatic analysis revealed genes with potential roles in the biology of each strain and its multitrophic interactions on plant surfaces, including genes for the production of toxins, antibiotics, and siderophores not previously associated with these strains. The many orphan gene clusters in the genomes provide avenues for the future discovery of novel natural products, including those contributing to biocontrol of plant disease. Pseudomonas fluorescens Q2-87 and Q8r1-96, both from a take-all decline field in Quincy, Washington, U.S.A., are almost indistinguishable in vitro, but only strain Q8r1-96 exhibits the "premier" phenotype distinguished by highly aggressive wheat root colonizing ability essential for the natural disease suppressiveness known as take-all decline (TAD). Despite their phenotypic similarity, comparison of the complete genomic sequences of Q2-87 and Q8r1-96 revealed that Q8r1-96 has 1,373 genes (22.8% of its genome) not present in Q2-87. These include 658 hypothetical and conserved hypothetical ORFs, 88 regulators, 70 transport and membrane proteins, and various enzymes, toxins, transposases, phages, etc. The two strains probably belong to different serovars; a large O-antigen biosynthesis cluster present in Q8r1-96 is very similar to that from serovar O-5 of P. aeruginosa and likely was acquired by horizontal gene transfer. Both Q2-87 and Q8r1-96 harbor type III secretion systems. The Q8r1-96 genome encodes three effectors, one of which has no known homologues. Q8r1-96 effectors are secreted in culture, injected into plant cells, and can suppress effector-and PAMP-triggered immune responses in tobacco. However, expression of the Q8r1-96 T3SS in the rhizosphere of wheat or pea had only a minor effect on colonization.
Role of glycerolipid metabolism in plant systemic immunity
Chemical ecology of plant-parasite interactions
What Else is
Novel pathways revealed in
What makes Chromobacterium tick? New metabolites from a novel biocontrol agent H. Kim (1), I. Kim (1), B. M. Gardener (2), Y. KIM (1) (1) Chonnam National University, Gwangju, SOUTH KOREA; (2) The Ohio State University-OARDC, Wooster, OH, U.S.A. Phytopathology 101:S231 An effective formulation containing the chitinase-producing bacteria including Chromobacterium sp. C61 has been successfully used for control of plant diseases in field. Factors in the culture filtrate showing antifungal activity were extracted into ethyl acetate and fractionation by highperformance liquid chromatography followed by nuclear magnetic resonance mass spectrometry analysis identified the active compound as a novel cyclic lipopeptide. We named this new lipopeptide, containing nine amino acids and the fatty acid, myristate, chromomycin. Transposon mutagenesis of C61 produced mutants lacking antagonism toward the phytopathogen, Rhizoctonia solani. The mutant disrupted gene depD encoded nonribosomal peptide synthesis. The depD mutant had no antifungal activity but produced wild-type levels of chitinase. Unlike other known cyclic lipopeptides, chromomycin and cell-free culture filtrate of Chromobacterium sp. C61 did not possess biosurfactant activity, and swim and swarm motilities of the depD mutant were similar with those of wild-type. In vitro and in vivo bioassay of the supernatant of Chromobactrerium sp. strain C61 culture and the purified chromomycin showed a broad spectrum of antifungal activity. To our knowledge, this study is the first report to identity of a new and novel antifungal compound from biocontrol chitinase producing Chromobacterium species. While there has been a vast increase in descriptions of bacterial pathogenesis of microbial eukaryotes over the past decade, the mechanisms bacteria use to infect these hosts remain poorly defined. The soil bacterium Lysobacter enzymogenes is known as a microbial antagonist and biocontrol agent, functioning presumably through the production of lytic enzymes and secondary metabolites. Recently, however, L. enzymogenes has been found to be a pathogen of fungal hosts, providing a model system to evaluate the role of pathogenesis in microbial antagonism and biocontrol. Recent completion of the L. enzymogenes genome sequence has provided insight into the basis of fungal antagonism. In addition to numerous genes encoding lytic enzymes and antibiotic biosynthesis, genes associated with bacterial pathogenesis, such as those encoding complex effector secretion systems, have been identified. The presence of these latter genes suggests L. enzymogenes employs strategies similar to those used by pathogens of higher plants and animals to infect fungal hosts. Indeed, mutational analysis of selected genes provides evidence for roles of type IV and type VI secretion, as well as type IV pilus during infection of fungal cells. Overall, these results support pathogenesis as a mode of L. enzymogenes antagonism toward fungi and provide promise toward developing new and novel approaches for the control of plant diseases.
Pathogenesis as a mechanism of biological control by
Pantoea applied genomics to understand and improve biocontrol activity against fire blight B. DUFFY (1), T. Kamber (1), F. Rezzonico (1), P. Llop (2), C. A. Ishimaru (3), P. Pusey (4) Pantoea agglomerans and P. vagans (ex. Erwinia herbicola) are common epiphytes of pome fruit flowers and three strains (E325, P10c, C9-1) have been commercially developed as effective biocontrol products for managing fire blight (Erwinia amylovora). Antibiotics as a standard, reliable chemical option for disease control in orchards, however, sets a high bar for biocontrol in order to win grower confidence and acceptance as an alternative. Genomics opens new doors to optimize biocontrol performance through better understanding of mechanisms of action and environmental behavior. Complete genome sequences have recently been obtained for commercial P. agglomerans E325 (Bloomtime, Northwest Agricultural Products, P.L. Pusey) and P. vagans C9-1 (BlightBan, C. Ishimaru). This has enabled characterization of entire biosynthetic clusters for antibacterial metabolites and putative regulatory elements, facilitating development of qPCR and biosensors to determine environmental modulators of biocontrol gene expression (in orchards, during formulation). These genomes lay the foundation for transcriptomic analysis in planta. Genomics has also enabled design of tools for strain-specific environmental monitoring and evaluation of Pantoea biosafety, which are critical regulatory elements for registration.
Professionalism/Outreach/Industry/Genetic Engineering Challenges to the Production and Distribution of Quality Planting Materials, Seed, and Seed Systems for Farmers in Developing Countries
Overview of industry's role in the development of quality seeds W. E. DOLEZAL (1) (1) Pioneer Hi-Bred Intl. Inc., Johnston, IA, U.S.A. Phytopathology 101:S232 This presentation will discuss the seed production process used by many commercial seed companies. The process begins with knowing the needs of the customer in each country. Companies utilize an elite set of germplasm, often with a unique set of crop genetics, for producing superior products in that growing environment. These products may be derived from conventional, molecular and/or transgenic breeding programs. They may contain leading edge technology traits for improved resistance to various environmental and biological challenges that a farmer may face during the growing of the crop. All products must meet the regulatory requirements for each country in which they are sold. Utilization of a quality management system ensures that high quality standards and best practices are maintained in the entire seed production process. This includes all stages in the production process: product demand planning, supply planning, field activities, seed conditioning, packaging and distribution. Throughout the growing season, providing technical supportive services to our customers and obtaining their feedback on product performance is an essential part of developing new superior products to help farmers meet the global challenge of feeding the world.
Addressing cereal crops seed supply challenges in sub Saharan Africa Y. KEBEDE (1) (1) Bill and Melinda Gates Foundation, Seattle, WA, U.S.A. Phytopathology 101:S232 A well functioning seed system consists of appropriate variety development, strong production systems, good marketing and sales network and reasonable consumer protection policies. In most of sub Saharan Africa the system has constraints across each of these areas. To promote the development of seed systems that deliver improved crop varieties to small-scale farmers in a sustainable manner, grants from the Bill and Melinda Gates foundation have provided support to public sector crop breeding programs and small and medium enterprises engaged in seed production and distribution. This has enabled the introduction of high yielding varieties of staple crops that with commercialization would increase the productivity of small scale farmers in select countries in sub Saharan Africa. In addition, grantees have begun addressing the issue of access and have created awareness with governments and private sector that it is possible to address seed production and availability with the right enabling environment, support to start-up seed enterprises and appropriate monitoring mechanisms.
Overcoming poor seed systems for clonal crops in developing countries D. L. COYNE (1), E. Schulte-Geldermann (2) (1) IITA/SP-IPM, Dar es Salaam, TANZANIA; (2) CIP/SP-IPM, Nairobi, KENYA Phytopathology 101:S232 Productivity of clonally propagated crops is subject to numerous constraints, pests and diseases key amongst them, which readily pass to successive crop cycles through the use of infected planting material. In smallholder systems, where stringent regulations for seed certification are often lacking, infected planting material is regularly used. The development of sustainable seed systems, which addresses the issue of seed health, is critical to overturning yield losses in resource poor smallholder systems. Obvious and/or heavy pest and disease damage is regularly removed from planting material by farmers, however, mildly infected material that is less obvious, is often used inadvertently for planting the successive crop. This perpetuates productivity decline and even loss of germplasm biodiversity through susceptibility to prevalent pests and diseases. In West Africa availability of healthy seed material of yam (Dioscorea spp.) is poor with high proportions of available seed yam infected with nematodes and viruses, and a direct cause of poor yields and erosion of traditional cultivars. Other root and corm based clonal crops are similarly afflicted with pathogens and cryptic pests. To overturn the static or downward trend in productivity of these crops, and loss of biodiversity, innovative IPM options, such as the aeroponically produced potato seed and the bio-enhanced tissue culture technique, developed in a multi-discipline approach, will become increasingly necessary. Witchweed (Striga spp.) infestations are the greatest obstacle to sorghum [Sorghum bicolor (L.) Moench] production in many parts of Africa. The development of seed-based technologies to control Striga infestations will provide farmers with new tools to control this parasite. The objective of this project was to develop herbicide seed treatments that could be used to control Striga infestations of sorghum. Our research initially was focused on developing the acetolactate synthase (ALS) herbicide-tolerance trait in the crop. After successfully identifying a native gene that conferred tolerance to ALS herbicides, we evaluated seeds of an ALS herbicide-tolerant sorghum hybrid treated with either imazapyr or metsulfuron-methyl. Seeds treated with the highest herbicide rates had the fewest Striga attachments and the greatest delay in attachment in greenhouse studies. Plants in the untreated control group died at or before flowering due to high levels of Striga infestation. In field trials, herbicide seed treatments, particularly metsulfuron-methyl, delayed and reduced Striga emergence in most environments. Effects of seed treatments on grain yield were variable depending on the timing and severity of Striga infestation. Ongoing crop improvement efforts are focused on introgressing the ALS tolerance trait into Africa-adapted parent lines for use in hybrid development and commercialization. Seed is a vital input in a successful agricultural and economic development program. Unfortunately, the value of seed and seed programs is not fully appreciated in most developing countries. Often, seed and grain are not fully differentiated in the eyes of farmers as well as policy makers. Public programs established to administer the production, processing, conditioning, and distributing quality seed to farmers have repeatedly failed in dispensing that responsibility. The value of setting up a private seed sector, driven by the profit motive, and experienced in the science and technology of the production, processing, and marketing of quality seed and the ability to deliver good quality seed on a timely basis has not been fully recognized. Yet, input delivery systems are indispensable for enhancing impact of investments in agricultural development programs. Science, technology, and innovation can only deliver the expected promise and impact when functional input delivery systems have been put in place. If seed is to serve as a great vehicle of change in transforming a nation's agricultural development agenda, a public, private, and/or communal seed industry system with capacity for production, processing, certification, and distribution of seed will need to be carefully designed and implemented.
Development of seed technologies and benefits for Africa
Innovative Chemical and Biological Approaches to Plant Protection
Chemical and gene technological approaches for plant defense activators to control plant diseases N. K. UMETSU (1) (1) Otsuka Chemical Co. (Tokyo University of Agriculture), Naruto, JAPAN Phytopathology 101:S233 Plant defense activators (PDAs) are chemicals, which induce a systemic acquired resistance (SAR) of plants against pathogen attack. Although PDAs don't exhibit direct biocidal activities, they protect plants from a wide range of plant pathogens, have low risk of developing resistance of pathogen and are good in environmental safety. The first PDA of practical use is probenazole (PBZ) followed by acibenzolar-S-methyl (BTH), tiadinil, isotianil and fluorothiazole-ester. PBZ was discovered during in vivo screening for rice blast protectants, and currently has registrations on various diseases for over 10 crops, though a major use is for rice. BTH was found by a special screening technique, which measures the infected leaf area of cucumber plants sprayed with Anthracnose spore suspension. Other 3 PDAs were probably found by more or less utilizing the structural information of BTH. Biological activities of PDAs and their application for control of plant disease as well as advantages and disadvantages of PDAs will be discussed. Extensive studies on the site of action of PDAs in the signal transduction pathway have shown that PBZ stimulates the SAR signaling pathway at upstream of salicylic acid accumulation, while BTH at downstream of it. Recently efforts to discover novel and useful PDAs have been conducted based on the knowledge of defense genes and signal transduction. A high-throughput screening for PDAs and other latest studies will be also introduced.
Strigolactones as chemical signals for plant-plant and plant-microbe interactions in the rhizosphere K. YONEYAMA (1), X. Xie (1), K. Yoneyama (1) (1) Utsunomiya University, Utsunomiya, JAPAN Phytopathology 101:S233 Strigolactones (SLs) are plant secondary metabolites with three unique biological functions. SLs were originally isolated from plant root exudates as germination stimulants for devastating root parasitic weeds of the family Orobanchaceae, including witchweeds (Striga spp.), broomrapes (Orobanche and Phelipanche spp.), and Alectra spp., and so were regarded as detrimental to the producing plants. Their role as indispensable chemical signals for root colonization by symbiotic arbuscular mycorrhizal (AM) fungi was subsequently unveiled, and SLs then became recognized as beneficial plant metabolites. In addition to these functions in the rhizosphere, it has been recently shown that SLs or their metabolites are a novel class of plant hormones regulating plant aboveground architecture. Furthermore, SLs are suggested to have other biological functions in rhizosphere communications and in plant growth and development, in particular, light perception and root system architecture. Since all angiosperms so far examined produce and release SLs into the rhizosphere, any organisms in the vicinity of plant roots are continuously exposed to SLs, indicating that SLs may have profound effects on the chemical communications between the SL-producing plants and the other organisms in the rhizosphere.
Novel technology for termite control based on the dummy-egg carrying behavior K. MATSUURA (1) (1) Graduate School of Environmental Science, Okayama University, Okayama, JAPAN Phytopathology 101:S233 Social insects rely heavily on pheromone communication to maintain their sociality. Egg protection is one of the most fundamental social behaviours in social insects. The recent discovery of the termite-egg mimicking fungus 'termite-ball' and subsequent studies on termite egg protection behaviour have shown that termites can be manipulated by using the termite egg recognition pheromone, which strongly evokes the egg-carrying and -grooming behaviours of workers. Fungal mimicry of termite eggs is one of the most striking evolutionary consequences of insect-fungus association. We found that the termite egg-recognition pheromone consists of β-glucosidase and lysozyme. Both enzymes are major salivary compounds in termites and even in a wood-feeding cockroach, and are also produced in termite eggs. The fungus mimics termite eggs chemically by producing the cellulose-digesting enzyme β-glucosidase. Egg mimicry, by which the fungus can easily gain access to the centre of the nest, seems to be an evolutionary loophole around anti-parasite defense in termites. By using the mechanism of egg mimicry, we developed a novel technology to introduce pesticide into the centre of termite nests and destroy the colonies most efficiently.
Microorganisms and plant activators as alternatives to chemical fumigants to control soilborne diseases in Japan T. ARIE (1) (1) Tokyo University of Agriculture and Technology, Fuchu Tokyo, JAPAN Phytopathology 101:S233 Worldwide, soilborne diseases are major constraints in production of crops, especially vegetables. Despite societal pressure to reduce chemical fungicide application in the field, few alternatives are available; the need to replace soil fumigants is particularly critical. Biocontrol and biofumigation offer possible microbial-based means to control soilborne plant diseases. Toward that end, several biocontrol agents, such as nonpathogenic strains of Erwinia carotovora, Pseudomonas fluorescens, Variovorax paradoxus, and Coniothyrium minitans, have been registered as biofungicides in Japan, but their collective market share is small, leaving a substantial unmet need. Another alternative to chemical fumigant is a class of chemicals known as plant activators. These materials do not directly affect pathogens but rather exert their effects by inducing disease resistance in treated plants; therefore they could be effective in controlling soilborne diseases. Validamycin A, which has been registered to control several soilborne diseases, including bacterial wilt of eggplant, appears to be a plant activator, since it is now known to act by inducing plant resistance mechanisms. Some progress have been made in China: 1) Chemo-and bioinformatics for virtual screening; 2) novel targets and new modes of action; 3) environmental and toxic behaviour as well as in vivo high-throughput microscreens; 4) target-based discovery of novel leads with insecticidal, herbicidal, fungicidal, antiviral and eliciting activity. Our group focused on novel neonictinoid insecticides and plant activators, as serious resistance, high bee toxicity and low lepidoptera activities were found for the former, and rapidly expanding greenhouse agriculture needed new method to control disease for the latter. A binding model of neonicotinoid involving hydrogen-bond induced π-π interaction was proposed and used for design. Very importantly, fixing the nitro group in cis-configuration provided new strategy for design. Introducing fused heterocycle or bulky group are two ways to fixing the direction of nitro. The synthesis, bioactivities in-field and preliminary modes of action of five types of cis-neonicotinoids were investigated in details. Polyfluoroalkoxylation of benzothiaxazoles provided new ways for design of plant cell elicitor and plant SAR activator. The novel leads not only showed high eliciting activities in cell suspension cultures for the secondary metabolites, e.g. taxuyunnanine, ginsenosides, but also efficiently controlled various plant disease including fungi, virus and soil-borne disease. Their syntheses, bioactivities in-field and preliminary modes of action were investigated in details.
Recent developments in neonicotinoid insecticides for plant protection I. YAMAMOTO (1) (1) Tokyo University of Agriculture, Tokyo, JAPAN Phytopathology 101:S233 Neonicotinoids (NN) are presently the most important insecticide group, being highly toxic to pests, while low in mammalian toxicity. Pyrethroid chemicals should be hydrophobic to be insecticidal, while NN cover a wide range of hydrophobicity/hydrophilicity and water solibility, by which major use is as plant systemic for piercing-sucking pests, but some are effective as contact
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insecticides. Several NN including imidacloprid are highly toxic to the honey bees, while thiacloprid and acetamiprid are low toxic. Such lower bee toxicity is ascribed to high detoxication by the bee. Efforts to include NN in IPM are in progress. NN are analogs of acetylcholine, and for interaction with insect nicotinic acetylcholine receptor (nAChR), but not with mammalian nAChR, several moieties, particularly electron-withdrawing group, are involved without ionization. Such recognition would be the key for further development of NN and possibly neomuscarinoids.
Enhancement of plant growth and plant growth and plant defence activation by Bacillus vallismortis EXTN-1 on various crops K. PARK (1) (1) National Academy of Agricultural Science, Suwon, SOUTH KOREA Phytopathology 101:S234
The efficacy of plant growth-promoting rhizobacteria (PGPR) Bacillus vallismortis EXTN-1 has been proved as biotic elicitor of induced systemic resistance (ISR) against various pathogens in several crops as well as plant growth promotion. The bio-products of EXTN-1 significantly reduced disease severities against bacterial and fungal diseases under greenhouse and field conditions. Various Cyclo dipeptides were identified as elicitors inducing systemic resistance, which were purified from butanol extract of EXTN-1 grown on TSA. Experiments with transgenic tobacco plants carrying pathogenesis-related genes fused with the β-glucuronidase (GUS) reported gene (PR-1a::GUS & PDF 1.2::GUS) showed an enhanced activation of both PR-1a and PDF 1.2 genes upon treatment with EXTN-1. In RT-PCR analysis, both PR1a and PDF1.2 gene expressions were observed in wild type Arabidopsis plants treated with EXTN-1 strain when compared to non treated plants. EXTN-1 with the greatest efficacy under greenhouse condition was tested for the ability to reduce bacterial wilt, fusarium wilt and fruit rot under field condition at various locations in Korea and Vietnam. Besides, EXTN-1 treatment promoted the growth, yield and quality in many field crops better than water treated control plants. Soil drenching or seed priming (106 cfu/ml) of EXTN-1 stimulated seed germination and growth of bout 20 crops without any harmful effects which indicate that application of EXTN-1 improves physiological status of crop plants. Integrated Pest Management (IPM) is a relatively new pest management approach, which started taking root in the U.S.A. in the late 1970s. In East Africa however IPM is not wildly used as yet. IPM evolved as a result of recognising the dangers associated with extensive and indiscreminate use of pesticides. In attempt to promote this approach, several definations and concepts were used to describe integrated pest management. Consequently the lack of a simple defination and common understanding of IPM, delayed its being integrated in the curricula of most Universities and institutes of higher learning in East Africa. Similarly integrated pest management has not yet been fully institutionalized at policy level by most of the East African countries. This paper, therefore, reviews the current status of IPM training in Universities in East Africa and explores the extent to which IPM is integrated in undergraduate-and post-graduate degree programs. It also highlights the contribution of the Integrated Pest Management Collaborative Support program of USAID (IPMCRSP) and other international organisations and non-governmental organisations promoting IPM training in Universities and other organisations. The paper addresses the challenges East African Universities have in producing graduates with appropriate IPM knowledge, in a system where extension, research and training functions are handled by different, delinked and poorly funded institutions. Finally it proposes issues that ought to be given further attention to ensure IPM is fully institutionalised in the university education system, national agricultural research system and extension services. Practices for preventing pest damage in IPM include inspecting and monitoring crops for damage, using mechanical trapping devices, botanical pesticides, natural predators/parasites, insect growth regulators, mating disruption substances and, if necessary, only need-based and judicious use of chemical pesticides. IPM modules having biopesticides such as Trichoderma, Trichogramma, and neem based pesticides as pest control measures were designed and demonstrated by TERI for paddy, wheat, and sugarcane in more than 25 ha of land in five villages in Shivalik foothills in Yamuna Nagar district of Haryana. The interventions not only reduced the load of pesticides in the environment and food but also increased yields and thereby incomes. The success of the project prompted TERI to set up similar demonstrations at other sites and on other crops. Now, IPM modules are being demonstrated for vegetable crops like potato, cabbage, chilly and beans in the state of Uttarakhand on more than 25 hectares of land. Two rears back, initiated a program on okra, eggplant, and tomato in the sates of UP, Karnataka, and AP in partnership with VirginiaTech, U.S.A. under USAID-IPMCRSP program. have been demonstrated. All necessary support is given to the farmers for procurement and utilization of biopesticides.
International Perspectives on IPM Education for Advancing Sustainable Agricultural Systems
Lessons learned in designing IPM education programs for farmers in Central America
A. RUEDA (1) (1) Zamorano University, Tegucigalpa, HONDURAS Phytopathology 101:S234
For 25 years Zamorano University outreach programs has been working with small farmers in Integrated Pest Management projects in Honduras, El Salvador and Nicaragua. Our educational programs are tailored to technicians working at public and private extension organization. At the beginning we used the typical short courses with a lot of technical information on pest problems. Giving the social and economic farmers background the first change we did was to present a menu of pest control alternatives for the farmer to choose the ones they can afford and liked. Over the last years we move our training program to integrated crop management using farmer field schools for methodological extension methodology. With the participatory extension methodology and the crop focus farmers and organizations are adopting the IPM practices in their crops. FAO projects that farmers will have to double food crop production as to meet global food needs by 2050. Asian farmers will be under increased pressure to intensify production and the challenge will be to do so sustainably. Inefficient use of agro-chemicals, both pesticides and fertilizers, remains prevalent among smallholder farmers in Asia. Vital ecosystem services provided by natural biological control are compromised. Promotion of agro-ecology based crop intensification and protection strategies will be essential for global food security. FAO has been working with Asian governments to develop and upscale robust Integrated Pest Management strategies (IPM) for a range of economically important crops during the last two decades. This paper will detail case studies of successfully-employed IPM farmer education strategies, making optimal use of the innovative and adult-education-based Farmers Field Schools. As to achieve global food security, this paper will make the case that it is of vital importance that the millions of Asian farmers become ecology-literate, adopt IPM and become better managers through access to quality education. The paper will also highlight FAO experiences and policy lessons learned, at national and Asia regional level, with regards to the pivotal role of better pesticide regulation and enforcement in tandem with farmer education for sustainable intensification of agricultural production. The global challenge of producing sufficient quantities of food, fiber and fuel safely and sustainably requires implementation of IPM at many educational levels including by those trained at the highest academic level. Doctoral level training in plant/crop health management across agricultural science discipline is offered by the Doctor of Plant Medicine/Health (DPM/H) programs at the University of Florida and University of Nebraska, respectively. Students in these programs are required to complete 120 graduate credits of courses and hands on internships in agronomy, entomology, horticulture, plant pathology and soil science. Elective courses and internships allow students to specialize by crop area or other professional interest. The DPM/H graduates are practitioners of plant medicine in the same sense as MDs in human medicine and DVMs in animal medicine. These Plant Doctors are contributing to the sustainability and safety of agriculture in the U.S. and worldwide as consultants, extension agents, teachers, agricultural regulators and in leadership positions in plant/crop production firms and related companies.
MRLs: A Growing Agricultural Export Issue
Pesticide maximum residue limits: Why do they matter? G. LUDWIG (1) (1) Almond Board of California, Modesto, CA, U.S.A. Phytopathology 101:S235 Disharmony in pesticide maximum residue limits (MRLs) is hampering international trade for agricultural products. Regardless of whether conventional or organic products, variations in the setting of maximum residue limits around the world is limiting the adoption of new materials for foods that are in international trade. Many countries, including the U.S. and key U.S. trading partners, set their own maximum residue limits for pest control materials using differing risk assessment processes, differing crops covered, and differing priorities. This session will discuss the overall issue of differing international MRLs facing U.S. agriculture including examples of the causes of disharmony, and what efforts are underway to harmonize better. Examples from California almonds, the top U.S. specialty crop in export value, will be included. Additional speakers in this session will provide examples of the impacts of MRL disharmony on their crops and products. Insect and disease pressures often require chemical controls in fresh agricultural production. A primary concern for U.S. growers and shippers when implementing integrated pest management programs, are that, applications of crop protection materials are within pesticide tolerances established in the U.S. but the tolerance may be illegal abroad. As this trend continues to grow, fresh market commodities face challenges in managing insect and disease control to meet export phytosanitary requirements while observing the differing regulatory requirements for residues within foreign market destinations. Current situation indicates that U.S. MRLs are frequently higher than established foreign MRLs as a result of the differing methodologies used. U.S. commodities have significantly more MRLs established compared to tolerances available within foreign markets. U.S. growers consider MRL harmonization one of the most important and growing issues within international agricultural trade. Continuing and new MRL challenges for growers and shippers of fresh agricultural commodities include key market destinations for U.S. production. There is movement in the Pacific Basin toward establishing national MRL lists; some transitions are orderly, others are not. New insects and disease continue to increase the pressures on the MRL issues, along with private sector concerns and standards which are becoming increasingly common within the U.S. agricultural landscape. What are Maximum Residue Levels (MRL)? Why would an American Phytopathological Society be interested in MRLs? This presentation will go over a brief background on MRLs and then discuss the impact on trade with the EU resulting from unharmonized MRLs. The U.S. process for establishing MRLs will be compared and contrasted with the European Union process. The recent EFSA Reasoned Opinion announcing the reliance on Codex MRLs will be examined. The impact of Codex MRLs on the U.S. growers ability to trade with the EU will be presented. Specific U.S. MRL issues will be addressed and opportunities for harmonization will be highlighted. The Pacific Northwest states of Idaho, Oregon and Washington export 1.45 billion pounds of apples and 298.5 million pounds of pears to over 60 countries and 80 million pounds of cherries to 48 countries. This volume represents approximately 30 percent of the annual production of each of these crops. Northwest Horticultural Council works to ensure minimal trade disruption by monitoring foreign government regulations with regards to maximum residue levels (MRL) on these fruits and provides prepared information to the Pacific Northwest deciduous tree fruit industry prior to export season. Pest control consultants, growers and exporters review this data to track certain pesticides which can be used to reach the maximum number of export markets. Top export markets are also closely monitored for changes in their MRL systems and reported as "country alerts" through a website that can be accessed by industry growers and shippers and the public at large, including foreign countries. Each month there may be individuals from over 100 countries visiting the site. Working with U.S. trade representatives, regulators, chemical manufacturers and registrants and agencies of foreign governments, our industry has been successful in gaining some critical MRL values and closing gaping holes in positive MRL lists that limit the export of our produce. Specific examples of how our industry approached gaining MRLs and discussion on the limitations still present in the system will be presented. Effective management of insect pest populations in most of the world's agriculture, horticulture, and human safety is dependent on a variety of inputs including a ready supply of safe, highly efficacious chemical insecticides. With their abundant numbers and short life-cycles, populations of pest insects can readily develop resistance to the insecticides used against them with the result that once effective insecticides are no longer able to control the pests for which they were intended. The Insecticide Resistance Action Committee (IRAC) was formed in 1984 to provide a coordinated crop protection industry response to prevent or delay the development of resistance in insect and mite pests. The mission of IRAC is to facilitate communication and education on insecticide resistance and to promote the development of resistance management strategies in crop protection and vector control so as to maintain efficacy and support sustainable agriculture and improved public health. IRAC is an inter-company organization comprised of over 15 chemical companies acting as a Specialist Technical Group of CropLife International. IRAC International supports resistance management project teams but also provides a central coordination role to regional, country, and technical groups around the world. IRAC International's main focus is on education, communication and regulation of insecticide resistance management. Various examples of IRAC globally supported activities will be presented.
MRLs in Europe-
Pesticide Resistance in
Fungicide RAC approach to resistance management A. J. LEADBEATER (1) (1) Syngenta Crop Protection AG, Basel, SWITZERLAND Phytopathology 101:S235
The Fungicide Resistance Action Committee (FRAC) is an industry group reporting to Crop Life International. Its purpose is to identify potential and existing resistance problems, evaluate scientific data and knowledge, and provide fungicide resistance management guidelines and education to prolong the effectiveness of fungicides and limit crop losses should resistance occur. Fungicide resistance management strategies are based around good agronomic practice, optimum fungicide timing, the use of appropriate dose rates, and optimizing the use of alternative modes of action in fungicide programs. Since target site mutation is the predominant mechanism of resistance to fungicides, using alternations and mixtures of fungicides having different modes of action is common practice in successful disease and resistance management strategies. This approach depends on the availability of diverse modes of action, a challenge in today's regulatory environment. Increased regulatory hurdles make the discovery and development of novel chemistries more difficult and costly, as well as potentially removing existing modes of action, (including the multisites) from the market. A further issue is the continuing trend in the food chain to demand fewer active ingredients in crops, although these are at residue levels within the accepted MRLs. The use of mixtures and alternations of fungicides is the foundation of most resistance management programmes; maintaining this approach will be vital for the future. The Global Herbicide Resistance Action Committee (HRAC) is dedicated to developing and promoting best practices to manage herbicide resistance. Collaborations across the industry and with the academic community are central to promoting the adoption of best management practices by farmers. Herbicide resistance is common to most classes of herbicide chemistries and most individual herbicides. However, there are differences in number of resistant species and probability of resistance between the classes and/or individual herbicides. In spite of resistance in many herbicide classes, products with known resistance remain important to agriculture. Stewarding the use of each herbicide through proactively managing resistance across all herbicides is important to agricultural productivity and sustainability. Over reliance on a single herbicide across multiple seasons in the absence of other herbicides and weed management options is not a sustainable practice. Sustainability of all products can be achieved through the implementation of diversified weed management programs. There are multiple management options that can be tailored to fit different farming situations while addressing environmental and socioeconomic needs. The identification and promotion of diversified programs is a focus of HRAC and public sector weed scientists worldwide. The current status of herbicide resistance worldwide will be reviewed, along with programs and options for implementing diversified programs. Gene flow in plants is a process whereby genes are exchanged between members of the same or closely related species via pollen and become established in new populations. This natural process has long been an issue in breeding and the seed industry, but interest has increased since the deployment of pesticide-resistant crop systems in areas infested by weedy/wild relatives of the crop. Imidazolinone (IMI) herbicide-resistant (HR) genes imbedded in traditional cultivars or in commercial hybrids of rice are examples of such systems, which are now widely grown and have been highly successful in the U.S. The types of rice and weedy rice can affect outcrossing rates in this self-pollinated species. Outcrossing has ranged from <0.001% to >1.0% as shown using SSR analyses, and occurs primarily between plants separated by < 2 m. Outcrossing was detected at 300 m in a field scale experiment. Some bottlenecks that restrict gene flow between rice and weedy rice have been identified. However, repeated applications of IMI herbicides to rice fields over time result in powerful selective advantages to weedy rice plants once they have acquired HR genes. Planting time, humidity and temperature during flowering, and other environmental factors also affect outcrossing and gene flow. Reports of HR weedy rice in farm fields are increasing. The degree to which HR genes have introgressed into weedy rice populations via gene flow from IMI rice, and approaches to mitigating this process are under investigation.
Herbicide resistance as a threat to dryland farming in the Mediterranean B. RUBIN (1) (1) Hebrew University of Jerusalem, Faculty of Agriculture, Food and Environment, Rehovot, ISRAEL Phytopathology 101:S236 Chemical weed control in non-irrigated (dryland) arable crops is necessary due to the high infestation with winter broadleaf and grass weeds. The harsh environmental conditions and lack of suitable alternative crops impose the farmer to grow mostly wheat or barley as monoculture interrupted with fallow years. Farmers reduce soil tillage and rely more on chemical weed control. Herbicides are often used repeatedly as a single mode of action in arable crops for many years imposing high selection pressure on the weed populations. These misuse of herbicides resulted in the inevitable evolution of weeds resistant to ALS, ACCase and EPSPS inhibiting herbicides. Several population evolved resistance to more than one mode of action (multiple resistance). Altered target site and metabolic ALS resistance was detected in both broadleaf and grass weeds. ACCase resistant weeds such as Lolium rigidum, Phalaris minor, P. paradoxa and Avena sterilis are widely spread in the Mediterranean. Resistance to glyphosate was confirmed in L. rigidum and Conyza bonariensis. The cost of chemical weed control often drives the farmers to apply herbicides below the recommended use rate, facilitating the evolution of non-target site resistance. The fast evolution and spread of herbicide resistant weeds endangers the sustainability of arable crops in various Mediterranean countries emphasizing the crucial need for integrated weed management practices. Glyphosate is a highly efficacious and economical broad spectrum herbicide widely used in agriculture. The heavy reliance of glyphosate for weed control has led to an increase in the number of resistant weeds world wide. Recommendations for managing glyphosate resistant weeds include the use of herbicides with alternative modes of action, pre-emergence application of residual herbicides, as well as incorporating agronomic practices such as tillage. Dicamba is a member of the synthethic auxin family and is efficacious on dicotyledonous weeds. Dicamba is effectively used in corn, which is naturally tolerant; however, soybeans are extremely sensitive. Engineering crop safety to dicamba permits its use in-crop for effective control of dicotyledonous weeds and expands weed control options for the growers. In this presentation, I will first summarize the current understandings on glyphosate resistant mechanisms, followed by our efforts to engineer dicamba resistance in soybeans through a deactivation mechanism. Soybean plants transformed with a microbial mono-oxygenase gene withstood high rates of dicamba (> 0.55 kg/ha) showing no visible injury in multi-year, multi-location field trials. We will also present greenhouse and field data showing how dicamba can be used in conjunction with current weed control systems to control glyphosate-resistant dicotyledonous weeds. The acetohydroxyacid/acetolactate synthase (ALS) inhibiting herbicides are used for weed management in multiple crop and non-crop situations. ALS inhibiting herbicides were introduced in the early 1980s and quickly came to dominate many cropping situations. However, the use of ALS inhibitors selected for herbicide resistant weed populations within a few years after growers began to apply these herbicides over broad areas. Although ALS inhibitors are extremely effective herbicides, multiple mutations can occur at the target site, acetohydroxyacid synthase, that prevent the binding of the inhibitors. Currently ALS inhibitor resistance has been selected in 107 species and in over 300 biotypes. There is more resistance to ALS inhibitors than there is to any other mechanism of action. However, ALS inhibitors are still widely used and still provide effective weed management. New herbicides that are ALS inhibitors continue to be registered, in spite of the fact that resistance can be quickly selected. The introduction of glyphosate-resistant crops slowed the selection of ALS inhibitor resistance in major crops. The selection of glyphosate resistant weed populations has resulted in the reintroduction of ALS inhibitors into weed management programs. The judicious use of ALS inhibitors in an integrated weed management program can retain the effectiveness of these herbicides while still managing resistance.
Using Translational Biotechnology to Deploy Disease Resistance Traits in Crop Plants
Risk assessment studies: Insights into the safety of disease-resistant transgenic horticultural crops M. F. FUCHS (1) (1) Cornell University, Geneva, NY, U.S.A. Phytopathology 101:S237 Disease-resistant horticultural crops were amongst the first genetically modified crops to be deregulated in the United States in the mid 1990's. To date, virus-resistant vegetable (summer squash) and fruit (papaya and plum) crops are commercially available. Safety issues have been expressed during their development and release, although most of the risks are the same or similar to those posed by traditionally bred plants with host resistance. Considerable risk assessment research with virus-resistant horticultural crops has shown little to no detrimental impact on the environment and human health beyond those of traditionally bred counterparts in natural and traditional agriculture settings. There is also a documented safe release of virus-resistant transgenic summer squash, papaya and plum over the past 13-15 years. Our current knowledge of risk assessment infers that safety issues should not hinder the release of new virus-resistant transgenic horticultural crops. Transgenic summer squash and papaya have become important components of disease management programs and the prospects of further advancing transgenic vegetable and fruit crops for practical disease control are very promising. Transgenic squash has been available commercially since 1995. Since that time, it has provided an effective means of virus control for squash growers. This presentation will review the history of development of this product, the regulatory issues that were raised that are still relevant today, and the research conducted since commercial release that address those issues. The status of the development of transgenic specialty crops will also be discussed. Much is at stake in the development of plant biotechnology. Genetic engineering crucially affects a host of vital issues including food security, consumer rights, environmental protection, human health, trade laws and our relationship to the natural world. Because of its vast significance, the genetic modification of plants has been widely debated both in the United States and internationally. Both the advocates and opponents of GM food appear equally intransigent, with the prospect of reconciling the two sides seemingly bleak. What has often been missed in the biotechnology debate is adequate discussion of the moral and cultural issues associated with conducting genetic engineering responsibly. Biotechnology is not an isolated scientific process but a social practice that involves different contexts, actors, relationships and dynamics of power. The complex web of relationships that make up biotechnology require that the ethical obligations human beings have to one another, the environment, and future generations, both human and nonhuman, be central in discussions about genetic engineering.
An ethical look at integrating new traits using biotechnology-
A resistance gene from pepper confers effective field resistance to bacterial leaf spot in tomatoes D. HORVATH (1) (1) Two Blades Foundation, Evanston, IL, U.S.A. Phytopathology 101:S237
Resistance to bacterial leaf spot disease (BLS), caused by Xanthomonas spp, is conferred by several genes in pepper. One of these, known as Bs2, confers recognition to the highly conserved effector, AvrBs2. We investigated if the Bs2 gene could confer resistance to its close relative, tomato, which is severely afflicted by BLS throughout commercial growing areas in Florida. We transformed tomato plants with Bs2 and inoculated transgenic lines with the predominant tomato BLS race, X. perforans race T4, to assess resistance in greenhouse and field trials. Field trials were conducted over five years and two environments comparing transgenic lines, the non-transformed parent line, several widely used Florida commercial varieties, and a number of wild tomato relatives with BLS resistance. In every trial, Bs2 transgenic lines were found to have significantly less disease than the other varieties tested. Assessment of yield revealed that Bs2-containing lines had significantly greater fruit production than the susceptible parent line. These data demonstrate that inter-generic transfer of this resistance gene between two comestible crops is successful and provides effective, environmentally-benign protection to tomatoes in the field. It is anticipated that deploying this genetic resistance commercially will avoid significant yield losses caused by BLS and provide an opportunity to eliminate the widespread use of ineffective and environmentally harmful crop protection compounds. In May 1992, papaya ringspot virus was observed in Puna District on Hawaii Island where 95% of the state's papaya was being grown. The virus rapidly spread through Puna and by 1995 essentially all of the papaya orchards in Puna were infected. Since 1992, Hawaii papaya production had decreased by 50% by 1997. In May 1998, eight years after the discovery of the virus in Puna, the virus resistant transgenic Rainbow and SunUp papaya were released, and essentially saved the papaya industry in Puna. However, the transgenic papaya story in Hawaii had already started back in 1985 when efforts were begun to develop a virus resistant papaya via the concept of pathogen derived resistance. By 1991, greenhouse studies showed that a transgenic line was resistant, an initial field trial was instituted on Oahu Island in 1992, another one in Puna in 1995 where the virus had eliminated production on a farm, and efforts to deregulate the transgenic papaya were started in early 1996. Licenses to commercialize the crop were obtained and seeds were released free to farmers on May 1, 1998. Thus started the transgenic papaya era in Hawaii. Today, roughly 85% of Hawaii's papaya is transgenic. The Hawaiian transgenic papaya story represents a collaborative effort between institutions and a small group of scientists that were committed to help save the Hawaiian papaya industry. The 'inside' story of this effort will be presented. The main cause of allergy and pollen asthma in North America and Central Europe is pollen from ragweed (Ambrosia) a genus in the Asteraceae. Currently short or common ragweed (Ambrosia artemisiifolia, L.) is rapidly spreading in Europe and has the highest weed densities in the Carpathian basin: Croatia, Hungary, and Serbia. Despite continuous efforts by the Hungarian government during the last ten years to eradicate ragweed, levels of its pollen in the air did not diminish. Ragweed infestation is heaviest in sunflower (Helianthus annuus L., the third most important crop in Hungary) fields, producing the overwhelming majority of allergenic pollen in the air (in the end of the summer pollen counts reach 1000 grains m-3) even in urban areas. In the presentation we show the current situation in Hungary, the most recent measures, and the strategic program based on the remote sensing and precision weed management we developed for controlling ragweed and suppressing its pollen production.
The need for weed risk assessment R. E. LABRADA (1) (1) ex FAO UN, Rome, ITALY Phytopathology 101:S237 Invasive plant species affect health and agriculture, their impacts are second only to habitat destruction in terms of loss of biodiversity. The most costeffective means to manage exotic weeds is prevention. The basic instruments for prevention are phytosanitary legislative framework, weed risk assessment (WRA) of exotic plants likely to become invasive, surveillance of the areas susceptible to be invaded; and protocols of post-border risk management (WRM), for defining feasible control strategies in case of their presence. WRA, based on IPPC standar on pest risk analysis, is useful for the identification of plants that may become quarantine pests and for determining the likelihood of entry, establishment, spread, and impacts. Post-border risk management (WRM) is used for determining feasible control strategies against those new species recently found. It also provides a decision framework for legal restrictions on sale and movement of declared/noxious weeds. Parthenium weed (Parthenium hysterophorus L.) is a weed of global significance and has become a major weed in Australia, India, South Africa, Ethiopia and Pakistan as well as many other countries of the world. It has serious impacts upon human and animal health. No single method alone has proven effective in its management. Through international collaboration aspects of the biology and ecology of this weed have been investigated to help develop sustainable management strategies that can be used now and in the future under a changing climate. Initial work has assessed the reproductive potential of the weed, its seed bank size and persistence. The mode of spread both nationally and internationally, and how it affects plant community biodiversity, has been examined. New management strategies are based around preventing seed spread and reducing population size in heavily infested areas. These latter approaches are built around biological control using both introduced natural enemies (insects, pathogens), which contribute significantly to the reduction of the weed, and suppressive plants, and studying their interaction. Mapping approaches are being used to monitor spread, identify future locations that may be at threat, as well as determining effectiveness of the management approaches. On-going work is being conducted on the genetic make-up of parthenium weed populations around the world, their likely susceptibility to biological control, and their mode of spread.
Towards
Invasive weeds-A global overview J. M. DITOMASO (1) (1) University of California-Davis, Davis, CA, U.S.A. Phytopathology 101:S238 Invasive plants can be problematic in both agricultural and non-agricultural environments. Because transportation corridors provide rapid and easily accessible routes of introduction to many areas around the world, invasive plants are common to most countries. While the focus of invasive species in developing countries is on agricultural pests, more developed countries or islands give equal, if not greater, emphasis on invasive plants of non-crop ecosystems. There are many examples of the impacts of invasive plants throughout the world. Heracleum mantegazzianum causes severe human phytophotodermatitis. Aquatic plants can increase the risk of West Nile virus risks, interfere with boating activities, or block the movement of water to crops in irrigation systems. The climbing perennial vine Mikania micrantha has spread rapidly in Asia and seriously threatens tree crops. Parasitic weeds can dramatically reduce crop yields, particularly in Africa. Lantana camara has impacted forest regeneration. Rangelands in the U.S. has been invaded by Bromus tectorum, which alters fire cycles and reduces forage capacity. On tropical islands Miconia calvescens greatly reduces native plant diversity. The impact of invasive plants is significant worldwide and can compromise both human interests, as well as natural ecosystems. As a result, many countries are becoming more active in dealing with the threat of invasive species by implementing programs to manage invasions and prevent future introductions. The Mediterranean region is facing global climate changes as well as other parts of the universe. According to NASA information, this region is very likely to have less precipitations, more drought and more hot days and nights. These growth conditions are favorable for the invasive species found in the region during the last three decades, especially along with a massive import of grains for human consumption or animal feeding. Among the invasive species spread in the region are: Acacia spp., Solanum eleagnifolium and members of the COMPOSITAE; Ambrosia spp., Verbesina encelioides, and Heterotheca subaxillaris. Ambrosia spp. is considered as the major cause of human allergic due to its male flower pollen. Perennial species of this genus e.g.; A. confertiflora and A. tenuifolia threatens field crops and orchards produce underground rhizomes and much more seed per plant. V. encelioides is spreading in this region regardless of the fact that seeds can survive drought and high temperatures and high germination rates observed with seeds at the soil surface. V. encelioides is a drought tolerant, require exposure to light to establish, prefers sandy soils and tolerates alkaline soils. Considering the invasiveness of V. encelioides in Morocco and Israel and its resistance to drought, the Mediterranean region is considered to be the area at risk. This plant is reported as a weed in many crops (maize, peanut, orchards, vegetables, etc.) which are cultivated in some parts of the southern area. Common ragweed (Ambrosia artemisiifolia L.) was first detected in Hungary in the early 1920s. Under favourable climatic and environmental conditions during the past 60 years it became the most frequent weed species, covering 5.3% of the arable crop area. Now it is present on 5 million of the 6.5 million hectares of arable crop area of Hungary. Surveys were conducted for indigenous insects associated with common ragweed in Hungary. The most frequently occurring insects were Cycads (25%), followed by plant bugs (Heteroptera) (22%). Proportions of flies (Dyptera), Hymenoptera, and spiders (Araneae) were equally ca. 9 percent. Beetles (Coleoptera) made up 8 percent of the total catch, followed by thrips (Thysanoptera) 5%, psyllids (Psillidae) 4%, butterflies (Lepidoptera) and aphids (Aphididae) 2-2%, and Collembola made up 4% and others 1%. The majority of the collected species were polyphagous. Apart from plant bugs, psyllids and aphids most species were univoltine, thereby their feeding damage was not sufficient to fulfil the requirements for biological control agent candidates. In addition, three aphid species were found feeding on common ragweed. Among these, Brachycaudus helichrysi (Kaltenbach) caused chlorotic spots and leaf distortion on infested plants. On rare occasions, Aphis fabae (Scopoli) formed dense colonies on ragweed stems and Myzus persicae (Schulzer) was found on the lower side of the fully developed leaves of the without causing any visible symptoms.
Invasive weeds in the
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Parasitic Weeds-The Drawback of the Hungry World
Striga-A formidable challenge to Africa's food security G. EJETA (1) (1) Purdue University, West Lafayette, IN, U.S.A. Phytopathology 101:S238
The parasitic witchweeds (Striga spp.) cause catastrophic crop losses in cereal and legumes, the staple crops in Africa. Vast areas of the crop lands of Africa are highly infested with Striga with diminishing productivity or ruled unfit for cultivation and abandoned. The problem has been most severe in the semi-arid tropics, where the poorest of the poor reside. Control of Striga through conventional weeding has not been effective as the root-parasite causes great damage before it emerges above ground. Decades of research has generated a number of control and management approaches via good crop husbandry practices as well as chemical, genetic, and biological options. Where appropriately deployed, these control measures have produced effective relief and improved crop yields, though not resulting in eradication of the parasite particularly after severe infestation. Eradication will require sustained use of a mix of approaches over a long period of time, and strategically combining methods that offer immediate relief and increased crop yield with those that target the decrease of the Striga seed reserve in the soil in an integrated Striga management (ISM) approach. Experience in the development and use of such approaches will be shared.
Broomrape management-difficulties and solutions Y. GOLDWASSER (1) (1) The Hebrew University of Jerusalem, Rehovot, ISRAEL Phytopathology 101:S239
The Orobanchaceae consists of 15 genera of chlorophyll-lacking root holoparasites including the genus Orobanche and Phelipanche (common name broomrape), that include more than 100 species that parasitize broad-leaf plants, extracting from them nutrients, minerals and water. Broomrape species infest a wide range of crops around the globe, mainly in Mediterranean and Mediterranean-like climates causing severe crop yield and quality losses and pose a major threat to the food security of numerous communities. Broomrape is difficult to control due to its subsurface location, intimate association with host roots, lack of chlorophyll and complex mechanisms of seed dispersal, germination and longevity. Control measures include soil fumigation, soil solarization, catch and false host crops, hand weeding, selective herbicide application, crop seed coating, resistant cultivars, biological control agents and herbicide resistant crops. Even though major advances have been made in broomrape research, in most cases this knowledge has not developed to date into efficient cost-effective control measures that have percolated to farmers, especially in developing countries. An integrated large scale regional and national control approach utilizing seed bank eradication, the employment of existing and new genomic and biotech based control tools, together with phytosanitary and regulation measures is essential to combat broomrape parasitism and insure long term sustainable control.
Selective and non-selective management of field dodder (Cuscuta campestris) B. RUBIN (1) (1) Hebrew University of Jerusalem, Rehovot, ISRAEL Phytopathology 101:S239
Field dodder (Cuscuta campestris Yuncker) is a nonspecific above-ground holoparasite, totally dependent on a host plant for assimilates, nutrients and water supply. The parasite is widely distributed, causing yield losses to a large range of host plants. Seed remain viable in soil for many years due to a thick and impermeable seedcoat. The parasite is extremely difficult to manage due to the association and connection via the vascular system between the host and parasite. Prevention of dodder seed distribution with crop seeds or machinery and removal of neighboring weeds are the most effective and most economical methods for Cuscuta management. The host-parasite connection and proximity make selective chemical control very difficult. Due to the low transpiration rate of the parasite, herbicides that are xylem-translocated in the host's may not reach the parasite in sufficient amount to kill it. On the other hand, phloem mobile herbicides applied to the host may accumulate selectively in the parasite that acts as "super-sink", may inhibit the parasite growth without harming the host. The most effective measures for dodder control are herbicides that inhibit the early growth and development of the parasite (e.g., germination and emergence) such as inhibitors of cell division. Unfortunately, biological control using plant pathogens or insects and the use of transgenic herbicide-resistant crops is limited and less efficient. The need for effective dodder management practices is crucial.
Role of strigolactones in the host-parasite association K. YONEYAMA (1), X. Xie (1), K. Yoneyama (1) (1) Utsunomiya University, Utsunomiya, JAPAN Phytopathology 101:S239 Witchweeds (Striga) and broomrapes (Orobanche and Phelipanche) are the two most devastating root parasitic weeds belonging to the family Orobanchaceae. These root parasites have evolved unique strategies to ensure their survival, and their life cycles are closely associated with those of their host plants. The initial step of such host-parasite interactions can be seen in the seed germination. The seeds, however, will not germinate, unless they are exposed to chemical stimuli by germination stimulants produced by and released from plant roots. The majority of the stimulants that have so far been identified are strigolactones (SLs). Since plants produce and release trace amounts of SLs that decompose rapidly in the soil, only the parasite seeds in the host rhizosphere can perceive SLs and thus germinate. So far, nearly 20 SLs have been characterized and more than 100 SLs may exist in the plant kingdom. In addition, plants produce and release mixtures of SLs into the rhizosphere, suggesting that the profile of a SL mixture may be unique to the producing plant and its biological status. Indeed, growth conditions and environmental factors such as light, temperature, humidity, and, in particular, nutrient availability, have profound effects on SL production in plants. Accordingly, it is likely that root parasites recognize their hosts by sensing qualitative and quantitative differences in SL mixtures released from plant roots. Parasitic plants are among the most destructive weeds as they connect directly to the vascular system of host plants to withdraw resources and alter host physiology. Despite their importance, parasitic plants have lagged behind many other plants and pathogens in terms of genomics research because of their relatively large genomes and intractability. However, this situation has changed in the past few years as second-generation sequencing allowed a boom in parasite gene sequencing. One project focuses on the Orobanchaceae family and aims to discover the genome-wide changes associated with the evolution of parasitism through a comparative EST analysis of three related species, a facultative parasite (Triphysaria versicolor), a photosynthetically competent obligate parasite (Striga hermonthica), and an obligate holoparasite (Orobanche aegyptiaca). Retention of genes involved in chlorophyll production and strigolactone synthesis suggest that alterations in gene expression have been more important in the evolution of parasitism than gene gain or loss. A second project is using sequencing technology to investigate the movement of host plant RNA into the stem parasite Cuscuta pentagona. By this method a large proportion of genes expressed in host tissues near the point of parasite attachment can be detected in parasite tissue, suggesting a robust flow of RNA from the phloem of the host into the parasite.
Plant Protection and Food Security in a Changing World
New challenges for plant protection under conditions of climate change J. H. MCBEATH (1) (1) University of Alaska Fairbanks, Fairbanks, AK, U.S.A. Phytopathology 101:S239 Plant protection and food security are strongly influenced by climate. Changes in atmospheric and soil temperatures, precipitation, air currents, and storm surges have physical, chemical and biological implications for the macro-and micro-flora and fauna of ecological and agricultural systems. These impacts affect conservation of species; their composition and abundance, the relationships among prey and pathogens/predators and tropic levels. Some invasive altersfire regimes, causing additional damage to ecosystems. Changes adversely impact crop adaptation and predispose them to damages caused by pathogens and insect pests. In arctic and sub-arctic regions, climatic change benefits crop production as environmental conditions become milder and more hospitable. In a new climate scenario, invasive pathogens, insects and weeds may become established and affects productivity. Early detection and rapid response are tools for their eradication and mitigation. All of these are likely to have impacts on the collective food production of a nation, its capability to feed its people and degree of dependency on other nations for food supplies. As global trade expands, there also are increased costs and challenges to protect countries from threats of invasive species. It would be to the interest of each nation to thoroughly understand the flux of pathogens, insect pests and weeds under changing climatic conditions. Sharing this information openly will reduce the risk of new invasive threats internationally. Plant production in sub arctic area is assumed to be greatly affected by climate change. A potential for increased biomass production is expected due to higher temperatures in the growth season. However, diseases previous restricted by a hostile climate will develop, and existing diseases may appear in a new "costume". Snow molds are by some foreboded to disappear. However, this prognosis does not take in account that resistance to snow mold fungi to a large extent depends on cold hardening of plants, a condition that resembles acquired disease resistance. In northern climate, plants respond to decreasing temperatures in fall by metabolic changes that enhance their resistance to most winter stress factors, including resistance to snow moulds as well as other fungal diseases. This process includes accumulation of defense related proteins. Disturbances of the natural cold hardening will render current varieties of plants more susceptible to diseases that are favored by the changing climate. In order to understand how cold induced resistance in plants affects the fungal infection process, a model system based on ecotypes of Arabidopsis thaliana and the snow mold Typhula ishikariensis has been developed. Using this system, it was shown that cold hardening enhances resistance against snow mold in Arabidopsis. Arabidopsis plants over expressing a cold-inducible cystatin from wheat, TaMDC1, were more resistant against T. ishikariensis than wild type plants under conditions mimicking snow cover. The increase in the introduction of new, invasive pests (pathogens, fungi, weeds and insects) represents a significant challenge to USDA in maintaining a secure, safe and adequate food supply. Although invasive biology has become the focus of a number of research efforts, no systematic evaluation of how climate change and/or rising atmospheric carbon dioxide can alter their establishment, success and impact on food security is available. Yet we recognize that human-induced climatic change associated with weather extremes, precipitation, temperature and carbon dioxide is almost certain to extend the range and increase the impact of agricultural invasive species. There is an urgent need therefore to assess the vulnerability of agriculture to climate-induced changes in invasive species biology. Vulnerability can be defined as the measure of the potential impacts of a given change, minus the adaptive capacity to respond to that change within the system being affected. In this overview I will provide illustrative examples regarding how global climate change and rising carbon dioxide has and will alter the vulnerability of agriculture to invasive species. I will also emphasize that the information needed to fully assess the vulnerability of the U.S. food supply to such threats is lacking. I provide a series of recommendations that I hope will begin to address these vulnerabilities and to maintain food security in an uncertain climate. This information should be of interest to a wide range of stakeholders, including land managers, policy makers, educators and scientists. Pests in all taxa cause more than $140 billion in losses annually in the U.S.A. (Pimentel et al. 2000) , and billions more worldwide. These losses may be exacerbated by climate change. However, predicting the geographic distribution and dynamics of pests and their impact in time and space is difficult, and the complexity may increase with global change. Local dynamics of crop plants, pest arthropods, pathogens and weeds are determined by weather and interacting species, with climate determining the geographic range. Methods used to predict the range fall under the ambit of ecological niche models (ENM) that may be statistical, physiological or use artificial intelligence concepts. ENMs characterize the ecological niche of a species to estimate its potential invasiveness and range in native and in new areas, or under climate change scenarios. Deficiencies of ENMs may be resolved using weather-driven physiologically-based demographic models (PBDMs) that include the bottom-up effects of plant dynamics, and the top-down action of herbivores/pathogens and natural enemies. PBDMs capture the biology of the interacting species and use observed weather or climate model scenarios to drive the model dynamics across space and time. The same concepts and models may be applied at all trophic levels, including the economic one. PBDMs can be used as the economic objective function for bio economic analyses at local or larger scales under current climate and climate change scenarios. Agriculture is a 'system' where there are favorable and unfavorable factors in each of the four 'environments' (plant, physical, biological, and pathogen) that determine the severity of plant disease. Any change within any one of these environments can drastically change the outcome for disease because of the dynamic nature of the interactions. Specific changes are basic to our understanding and cultural control of plant disease. A few degrees difference in the temperature of irrigation water can mean the difference between severe Pythium root rot and little disease of cotton. A small change in temperature around 26C can render a small grain plant physiologically susceptible to Fusarium head blight (FHB) by changing its C and N metabolism. Very low concentrations of the glyphosate herbicide [N-(phosphonomethyl)glycine] can cause physiological changes similar to temperature to predispose plants to FHB and other diseases while providing a transient resistance to obligate rust pathogens. Surfactants can also change the host environment to facilitate penetration of Clavibacter, Xanthomonas and other pathogens. Nutrient management is a powerful way to alter the host environment so it is unfavorable for pathogenesis. Understanding the mechanisms of environmental change within the host are important so that predisposition in one area can be countered by changes in another to maintain disease suppression for efficient and effective plant protections.
